Google 



This is a digital copy of a book that was prcscrvod for gcncrations on library shclvcs bcforc it was carcfully scannod by Google as pari of a projcct 

to make the world's books discoverablc online. 

It has survived long enough for the Copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to Copyright or whose legal Copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, cultuie and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this flle - a reminder of this book's long journcy from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken Steps to 
prcvcnt abuse by commcrcial parties, including placing technical restrictions on automatcd qucrying. 
We also ask that you: 

+ Make non-commercial use ofthefiles We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send aulomated queries of any sort to Google's System: If you are conducting research on machinc 
translation, optical character recognition or other areas where access to a laige amount of text is helpful, please contact us. We encouragc the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogX'S "watermark" you see on each flle is essential for informingpcoplcabout this projcct andhclping them lind 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are lesponsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in Copyright varies from country to country, and we can'l offer guidance on whether any speciflc use of 
any speciflc book is allowed. Please do not assume that a book's appearance in Google Book Search mcans it can bc used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

Äbout Google Book Search 

Google's mission is to organizc the world's Information and to make it univcrsally accessible and uscful. Google Book Search hclps rcadcrs 
discover the world's books while hclping authors and publishers reach new audiences. You can search through the füll icxi of ihis book on the web 

at |http : //books . google . com/| 



'.> 



\ 



nA^ sT^-V^ J"/: 9 



ROUTLEOGC'S USCFUL BOOKS. 



In 1 ToL fcap. Sfo, price 2«. cloth eztis; or in roan, 2t. 6<f.i 

WALKER'S PRONOUNCINQ ENGLISH DICTIONARY. 

V ■ In which the Aocentuation, Orthography, and Pronunciatton of the English 
LanguMre are distinctiy ahown, according to the best authorities. The Thirty- 
eighth Thouauid. 

An English Gnunmar— a ^ide to the rules of Pronunciatlon— the laws of Eng- 
lish Versification — Pronuiiciation of the more iraportant Laaguages: French, 
German, Dutch, DanUh.S wediah, Italian, Spanish, Portuguese« modern Greek« 
— Chronological Tables— Lista of Cities, Boxoughs, and Tpwns in England and 
Wales, with the market days. " It is, in &et, a perfeet treasury of knowledge. " 

'* The want of a reyised edition of Walkex's Dictionary has long been feit. Up- 
waidsof SOOO words which modern Uterature, science, and fashion, have brought 
into existence have been incorporated, auch aa, for inatance,TeIegram. Electrotype. 
Lithography, Meamerism, Photography, Phrenology, Papier Mftche, Stereotype, 
&c. ; whllat others are of so common a deacription aa toexcite our surpriae at uieir 
Omission— as, for inatance, Exhume, Descriptive, Incipient, Lava, Playful, Sta- 
tiatlcs ; alao many geological terma now in convexsatlonal uae— as Feispar, Gneiss, 
Granite, Quarts, Schiat, Shaie, Pyrite, Terüury« &c.** 

In fcap. 8vo, price One Shilling« cloth, 

T IVES OF GOOD SERVANTS. By the Author of «Mary 

■L' Powell." 

" These biographlet are twenty in number— their material very variouf, but all 
most delightfully XtiAy—^itnconfiMrmitH, 



In 18mo, price 1«. doth extra, 

JOHNSONS DICTIONARY of the ENGLISH LANGUAGE; 

^ for the Uae of Schools and General Students. A New Edition, adapted to the 

ßresent atate of Ei^lish Literature, and comprehendiug the principal Terma of 
lilitary Science, Geology, &c. &c. By P. Austsn Nuttau«, LL.D. 
In this edition more than 2000 worda are included which aae not in any other 
One Shilling Dictionary. 



In 18mo, price U. Od. doth extxa, 

TOHNSON'S SCHOOL DICTIONARY ; to which is added, 

^ the Principlea of English Orthography, and the Origin, Construction, and 
Derivation of the Engliah Language— General Ruieafor the correct Pronunciatlon 
of Foreign Names— Synoptical View of the History, Geography, Constitution» 
and Population of Great Britain— and a Compendious Table of Universal History, 
divided into Chronological Eraa, ahowing the most iroportant epocha in the annals 
of the World. 



In fcap. 8vo, price 1«. cloth ; or in roaii, l«. 6tf., 

WALKINGAME'S TUTORES ASSISTANT ; being a Com- 
pendium of Arithmetic for the Use öf Schools. A New and improved Edi- 
tion, to which is added, an Appendix on the Deeimal Coinage, by J. R. Youno, 
late Professor of Mathematica, Belfast College. 

'* * Walktngame's Tutor' is eapecially raluable for ita copious variety of ex- 
amples and extensive ränge of subjects ; and in its present more modemized, 
improved, and corrected lorm, it ishoped that it may coutinue to custain the 
character it has so long possessed as a xavouzite sehool book of practical arith- 
metic" 

London : GEORGE ROUTLEDGE and CO., Farrinodon Strkxt, 



AGRIOULTUML CHEMISTRY. 



OF THE 

CHEMICAL PBJNCIPLES INVOLVED IN THE 
OPERATIONS OF THE EAKM. 



BY 
ALFRED SIBSON, 

7IXSX A8BI8IAST Ul SHB LABOBAIOST OV THS XOTiX AGSICI71TVBAI« 

COLLBGB, CIBXirCBSTBB. 



WITH A PREFACE 
BT 

DR. AIJGTJSTUS VOELCKER, 

COirSULTUra CHBMISI TO THX BOTAL AOBICVLTVBAL 80CIBTT, AlTD »BOSnUfiÖB 
OV CHBMI6TBT IK THB BOTAL AGBICVLT17BAL COLLBGB, 

CIBBirCBBTXB. 

LONDON: 
G. ROUTLEDQE & CO. EARRINGDON STREET; 

17EW YOBK: 18, BEEKMAN STBEET. 

1858. 




sssr. s ^' 



1 



HAhVAF.P C0ILC6E LiT'Ahr 

TT*"'."* »■ "X T~ !* ^ ^ 

BUSStV i.<oliiLllON 

1936 






PREFACE. 



Althoügh we possess several excellent works on 
Agricultural Chemistry, I have long feit the waat 
of a treatise sufficiently comprehensive, and at the 
same time sufficiently explicit and correct^ to be 
put with advantage into the hand& of a person 
Ignorant of the first chemical principles^ and 
nnaccustomed to scientific language. This want, 
I think, will be supplied by Mr. Sibson's treatise. 

There are several excellent works which, like 
" Jolinston's Agricultural Chemistry/' would render 
a new treatise on Agricultural Chemistry super- 
fluous if they embodied all the recent chemico- 
agricultural discoveries^ and could be obtained at 
a price sufficiently low to secure an extensive 
circulation. There are other meritorious works on 
Agricultural Chemistry, which are written by 
authors who evidently in great measure are un- 
acquainted with the practical wants of persona 
interested in farming pursuits. 



VI PBEFACE. 

Mr. Sibson's treatise certainly possesses tlie merit 
of being written by a gentleman who for several 
years has resided in the oountry, and has had many 
opportunities of becoming personally acquainted with 
the wants of the farmer^ and has taken an active 
part in several important investigations that have 
been carried on in my laboratory. Mr. Sibson 
also has had extensive experienoe for noticin^ the 
pecoliar difficolties that present themselves to the 
unscientific reader of vorks on Agricultural 
Chemistiy. I believe^ also^ the natural arrangement 
of the subject-matter in the treatise^ — an arrange- 
ment which is fally explained in the first introduc* 
tory chapter^ will be found as novel as it is practically 
usefulj and conscientiously recommend Mr. Sibson's 
work to the considerate notice of the public. 



AUGUSTÜS VOELCKER. 
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CHAPTER L 

INTEODUCTION, 

Amongst the cattses that bave led to the present advanced 
Position of the agricalture of this coontrj, not the least 
prominent is the assistance agriculture has received at 
the hands of Science. While nearly every branch of 
Natural Science has more or less contributed to the gene- 
ral improvement of agriculture, Chemistry, undoubtedly, 
occupies a high rank amongst the means that have 
helped to advance this most important branch of human 
industry. 

As it is the peculiar proyince of Ghemistry to teach us 
the composition of all earthly objects, to make us ac- 
quainted with the materials of which they are composed, 
and the changes these materials undergo when exposed 
to different influences, it is not surprising that Ghemistry^ 
of all other natural sciences, is the one most conoemed in 
the Operations of daily ]ife, or is the one most capable of 
affording information on all points connected with the 
natural and artiücial changes constautly proceeding in all 
the materials of the earth. And as Ghemistry is ever 
ready to impart, when properly solicited, any amount of 
this kind of knowledge, it cannot lie wondered that 
nearly every branch of human industry has at different 
times received benefit from the hints and suggestions of 
this most usefol and practical science. 

B 
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2 AORICULTURAL OHBIflSTRY. 

Agricultore is peculiarly susoeptible of improvement 
from Chemistry, inasmucb as moDj of the practical Opera- 
tions performed by tbe farmer are essentially chemical 
processes; and at the present time, wben tbe use of 
artificial manures is nearly indispensable in the farm 
routine, a knowledge of at least the general principles of 
Chemistry is almost imperative in the £un&er who expects 
to avail himself of all the applianoes of modern agri- 
oolture. 

Amongst the numerons contributions of Chemistry to 
agricnlture, perhaps the most important is the introduc- 
tion of artificial manures into the System of cultivation ; 
and were this the only practical service conferred by 
Chemistry, it would, on this account alone, be entitled to a 
high place in oor estimation j since it is to an extended 
use of these materiab that we must chiefly look for the 
means of increasing the prodace of the land, to meet the 
irants of a constantly multiplying popnlation. Not only 
does Chemistry teach ns the best means of preparing and 
applying these important fertilizing agents, bat it points 
out to US sources of them which we should otherwise have 
entirely overlooked. At the present time we manu&cture 
valuable manures from substances that formerly would 
never have been dreamt of as sources of fertilizing mate* 
rials. For instance, there are found, in oertain localities^ 
beds of minerals^resembUng, in their extemal properties, 
those of ordinary rocks and stones ; but by chemical 
analysis they are found to oontain a Compound caüed by 
chemists pbLphoric add : thk Compound is an essential 
constituent of nearly all kinds of cultivated produce. In 
grain, roots, hay, &Cy we find oonsiderable quantities of 
phosphoric aeid, which has been derived from the soll on. 
which this produce has been raised. The soil always 
contains phosphoric acid, but ofben in deficient quantity : 
we endeavour to Ihcrease the quantity by adding manures^ 
most of which contain this substance in greater or less 
abundanoe. On the discovery of the presence of phos- 
phoric acid in the mineralfl above notioed, the thought 
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wonld natuxally occur to as to m&ke use of them as a 
souroe of tliis valuable fertilizing Compound. But a dif* 
ficalty presents itself : it is also found that the phosphoric 
acid occurring in these minerals, exists in an insoluble 
stony form» utterly incapable oi being assimilated by the 
delicate roots of plant& Hence its addition in this form 
to the soll is followed by no good resolt. 

But here ChemiBtry again comes to our aasistance ; it 
not only leads us to discover an unexpected souroe of a 
scarce material, but fiirther directs how to prooeed in 
changing the insoluble useless form in which we find it 
into a State that will admit of its use as manure. By 
following these directions the difficulty ia overoome, and 
we are able to prepare a valuable manure from useless 
stones. The minerals we allude to are called apatite, 
phospborite, co{n*dlite, ^, and at the present time are 
krgely employed as the raw material from which the 
weU-known manure oalled superphosphate of Hme is 
prepared. With nearly every other point of agricultural 
economy chemical prindples are more or less intimately 
connected. Henee, by understanding these principles, the 
practical man will offcen be able to act with eertainty in 
cases where, otherwise, having no rule to guide him, he 
can prooeed only with hesitation. 

Amongst the numerons branches into which the scienoe 
of Ohemistry has neoessarily become divided by its rapid 
extension dnnng the present Century, Agricultural Ohe- 
mistry is undoubtedly amongst the most important, and at 
the present time is certainly one of the most active and 
flourishing of these divisions. As in the economy of 
mannfiäctures the division of labour is found to be so 
condncive to a high State of exceUence of the manufac- 
tured produce, so, in the science of Ohemistry, its mar- 
vellous extension during the present and two or three 
preceding generations, is chiefly to be attributed to the 
iäct of each of its divisions having been taken up by 
particular chemists, who, by directing their energies to 
that pbrtion of the subject best suited to their tastes, 

B 2 



4 A6RICULTURAL CHEICISTBT. 

Lave raised it to a high degree of escoellenoe, and thns 
have oontribated to the enlargement of the mass of 
knowledge at present comprised ander the head of 
General Chemistry. At the present time several dis- 
tinguiahed chemists are satisfied to devote the best of 
their energies to the subject of Agricultnral Chemistry, 
which, iu so fiar as its connection with the general 
welfare of the Community is concemed, apart from its 
intrinsic merits, is certainly one of the finest of human 
pursuits. 

As most of the Operations of agriculture are an exten- 
sion or adaptation of those of Nature, it follows that all 
the chemical changel involved in the phenomena of ger- 
mination, growth, development of seeds» and final decay 
of plants, as well as the more important changes belong- 
ing to animal life, must be included in the Chemistry of 
Agriculture. This subject will also include the changes 
that accompany the alteration in the quality of land, 
either for the worse, by exhaustion or mismanagement, 
or for the better, as in the reclamation of waste lands 
and the restoration of those whose fertility has become 
impaired by culture. 

To every one who takes an interest in the Operations 
of nature, the development of every sort of agricultural 
produce in our fields and homesteads must be a source of 
wonder and delight. For instance, what can be more 
interesting than the growth of a wheat crop 1 We see 
the seed placed in the ground ; in a short time young 
plants appear above the surface ; the seed that had been 
preserved so long in an inactive state, when exposed to 
the influence of moisture, warmth, and air in the soil, 
germiuates ; or, in other words, the spark of vitality that 
had lain dormant so long in the seed, is awakened, and 
expends its first efforts in the production of an infant 
plant, which, so soon as it reaches the daylight, is able to 
provide for itself,and collect the requisite food for its future 
nourishment from the surrounding air and seil. By the 
imperceptible yet rapid increase of substance, the crop 
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acquires strength and vigour, prodoces blossoms, and 
finally seeds, which duly ripen and wait to be gathered. 
WLat can be more beautiful than a üeld of wbeat in this 
condition 1 Every one most admire such a scene, whether 
he regard it as a natural object of great beauty, or as the 
fiource of our daily bread. 

In contemplating sach a scene, we naturally reflect on 
the composition and origin of the produce before us. We 
know that the grain of wheat contains flour, which, when 
properly prepared, will become bread, capable of nourish- 
ing and strengthening onr bodies. Whence comes this 
flour ? The plants have gradually increased in substance 
from the period when they first appeared above the 
ground, and have fully developed their seeds or grains, 
but whence has been derived the necessary material 7 It 
must obviously come from the earth, or the air, or the 
moisture, or from each of these sources ; but what mar- 
Tellous changes must take place before these materials 
can become the vegetable produce in question. Such a 
scene has an additional interest to the farmer, who, looking 
upon the crop as the means by which he is to pay his 
rent and remunerate himself for the labour and anxiety 
ezpended in its cultivation, and that of seyeral preceding 
crops, will reflect more deeply than the casual observer 
on the circumstances connected with its growth. He 
knows that the produce before him has been chiefly pro- 
dnced at the expense of the soiL That some essential 
constituents have been directly obtained from the soil is 
evidenced by the well-known fact that the soil will re- 
quire manure and rest before it can produce such another 
crop. But even the farmer, although better acquainted 
with the practical details of the matter, if unacquainted 
with Chemistry, is equally at a loss to account for the 
changes proceeding in the materials under his hands ; he 
cannot teil what the wheat reraoves from the soil, and why 
it should not grow with equal vigour in the same field a 
second year, or why a crop of another kind will. Again, 
he cannot explain the action of the manure he uses, what 
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it is in the manure that imparts fertility to a soll ; and 
why one kind of manure more partictdarly benefits one 
kind of crop. Further, it is well known that particular 
soils, irrespective of their general fertility, are best fitted 
for the growth of certain kinds of crope ; for instance, 
clover, pease, and plants belonging to the tribe called 
leguminous plants^ flonrish moet loxoziantly on lime soils, 
and langoish, or even refnse to grow, in soUs deficient in 
lime. Again, day soik are known to be most fetvonrable to 
the growth of wheat. 

On these and numerons other points connected with 
the economy of agricultnre, Chemistry is able to enlighten 
ns, and in most cases to afford us a clear explanation 
of the changes attending the varioas Operations going 
forward on the fisurm, as well as of the principles that 
regulato thoee changes. It will teil ns, for instance, the 
composition of the wheat-plant, and point out the consti- 
tuents of its seeds on which their nutritive value depends. 
It will also show us the sources of those constitnents, and 
enable us to peroeive how the presence of certain bodies 
in the soil affects the growth of the crop. 

At the same time we must not fieül into the error of 
expecting too much from Chemistry ; it must be bome in 
mind that Agricultural Chemistry is yet but a comparar 
tively new sdence, and many of its regions are at present 
tmexplored. Moreover, there are matters connected with 
the simplest Operations of natnre far beyond the power of 
Science to explain : such matters will probably ever remain 
as at present, profound mysteriös to us. 

While Chemistxy makes us acquainted with the cha- 
racter of the materials of which all earthly objects are 
made, and teaches us the laws that regulate the move* 
ments of these materials, she does not for a moment 
attempt to explain or account for these laws; but by 
pointing them out to us and exhibiting their efföcts, she 
greatly aids us in comprehending the part they perform 
in nature. 

With a knowledge ci Chemistry we are better able to 
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appreciate the grandeur of tliose natural laws whicb, 
havxDg been established at the creation by au all-wise Pro* 
vidence^ control the movements of all the materialsof 
the earth and insure their co-operation in the series of 
chaoges neoesaary for the preservation of the System of 
Katnre. 

To deseribe in a familiär manner the more important 
chemical principles involved in the Operations of agricul- 
ture is the object of this little book. In doing this we 
have thoaght it advisable to begin by explaining the more 
stiiking points of what may be called the Chemistry of 
Natore, or that division of the subject which treats of 
the properties and uses of those materials of the earth 
"wbich take part in the growth of plants and the nourish- 
ment of animals, whether growing in a wild or natural 
State, or reared and cultivated by man in the practice of 
agriculture. 

We therefore first call attention to the atmosphere; 
then to the earth or soil ; next to water, pointing out the 
respective constituents of each of those natural groups of 
snbstances, and briefly deseribe their more prominent 
characters, dwelling more particularly on those most 
concemed in the practical Operations of the farm. We 
next trace the formation in the Organization of the plant 
from materials deriyed from the earth, air, and water, of 
those vegetable Compounds which afberwards become the 
food of man and animala. Before proceeding to explain 
the further changes these Compounds undergo in the 
bodies of animals when consumed as food, we give 
an exposition of the changes accompanying the vanous 
Operations employed in agriculture for the improvement 
or alteration of the texture and quality of the land. 
whether by mechanical or. chemical means. In this divi* 
sion, referring more strictly to the Chemistry of Agri- 
culture^ we propoBe to introduce the important subject of 
manozes, to deseribe the characteristic properties of 
natural or home-made £uinyard mannre, as well as the 
more munerous '' artificmls.'* Amongst the artifidals we 
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speciallj notice bone-dust, guano, superphosphate of lime, 
and a few other artificial manures commonly employed by 
the farmer. We propose to point out tbeir several uses, 
modes of application, and tbe qualities tbat afifect tbeir 
ralue ; also their comparatiye merits, and tbe adultera- 
tions to wbicb tbey are subject. Farmyard manure, in 
consideration of its superior importance, is treated at 
greater lengtb, and tbe cbemical cbanges tbis manure 
undergoes by different modes of treatment, described 
somewbat in detail. Many of tbe facts mentioned in 
connection witb farmyard manure are quite new, having 
been but recently discovered, and up to tbe present time 
have been publiahed only in the pai^rs refer^d to in the 
obapter devoted to tbis subject. 

We afterwards notice tbe more striking cbaracters 
of all tbe ordinary cultivated crops, and tbe circum- 
stances tbat aifect tbeir growtb. Finally, we trace the 
conversion of vegetable food into tbe more bigbly or- 
ganized animal producta» sucb as butter, cbeese, mutton, 
beef, <&c. 



CHAPTER IL 

THE ATMOSPHEBE. 

Phydcal Fropertiea of the Atinospkere, 

TflE atmospbere being invisible, most men naturally 
kuow mucb less of tbe general cbaracters of tbe air 
tban tbey do of tbe eartb, water, and otber more 
material parts of tbe globe. Witb the exception of the 
disturbed condition of tbe air tbat we call wind, it pos- 
aesses no positive quality tbat compels us to recognize its 
presence, as we do tbat of tbe eaxth and otber natural 
objects, wbicb make tbemselves known to us tbrough tbe 
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sense of sight ; but since the air cannot be recognized 
by our sigbt, we are nnable to judge of its qualities hy 
any of tbe ordinary means of comparison. 

We are however made aware of the presence of the air 
wnen its effects are exhibited to us in some of the simple 
occurrences of everyday life ; as for instance, when we 
make use of a pair of bellows to urge a fire, or move a fan 
backwards and foi^wards, and in a still more striking 
manner when we enconnter a high wind : in each of 
these cases the resistance we meet with plainly couvinces 
119 of the substantial quality of the air. Again, on fiUing 
a bottle with water by dipping it nnder the surface, we 
notice that the water does not enter the bottle until the 
air has escaped in a series of bnbbles ; or if we hold the 
bottle perpendicularly with its mouth downwards, and in 
this Position immerse it nnder the surface of the water, 
the water will not enter, simply because the space in the 
bottle is already occnpied with air ; and in this case 
the air cannot escape to make room for the water, as it 
nsuallj does. 

By these and numerous other simple Operations we 
may satisfy oorselves that the air is indeed a substance, 
notwithstanding it is an invisible one. 

The air or atmosphere forms a layer of light matter 
immediately aboye, and resting upon the solid surface of 
the earth. In this light matter we, and every object we* 
look npon, are immersed : it envelops us on every side, 
and fiUs every space that in common language is said to 
be empty. Before proceeding to state of what this matter 
consists, or the part it performs in the economy of natura,, 
let US briefly relate its physical or mechanical pro- 
perties. 

The air is a transparent, invisible substance, destitute- 
of taste and smell, and permanently elastic, and movabli^ 
in eyet7 direction. Yiewed in ma^es, it p<Us8e8 a sUght 
blue colour : the beautiful blue tint that ofben pervades 
the further objects in a landscape, is due to this colour o£ 
the air. 



10 AGBICX7LTU&AL CHXMI8TRT. 

Since the air is a sabstaace, it foUows it rnnst also 
possess weight. This is found to be tbe case. By 
suitable instruments the air can be -weighed, and its 
weight det^nmned. A cubic foot of air weighs 527 grains, 
or about an ounce and a quarter, or is 715 times lighter 
than water. Now aa the air extends upwards to a great 
height, and every part of it possesaes weight, it is evident 
that it must press upon the earth withconsiderable force. 
This force or weight can also be determined, and the entire 
weight of the atmosphere asoertained. The air presaes 
upon the whole sur&ce of the earth with as much force^is 
woold be exerted bj a covering of water thirtj-two feet 
deep, or a lajer of qnicksilver about thirty inches deep. 
Hence, a oolumn of air of the entire height of the atmo- 
sphere, that 18, from the surÜBuse of the earth to as fsax 
upwards as it extends^ weighs the same as a column of 
water of the same sise but only thirty-two feet high, or 
a column of quicksilver only thirty inches high. The 
actual weight of the atmosphere, or the force with which 
it presses upon the earth*s surfaoe, is about 15 Ib. onevery 
Square inch. The reason we do not feel this weight is 
because of the property of the air, oalkd its " mobüity/* 
or the power of its partides to moye in any direction. 
By this Provision the downward pressure, or weight of 
the air, is diverted and distributed over every side and on 
«very part of the objects exposed to it ; for instance, the 
weight piessing down upon cur bodies is sustained by a 
corresponding weight pressing upwards, and the weight 
pressing upon one side of us is oonnterbalanoed by the 
air pressing with an equal force <»i the opposite side. 
For this reason we remain perfectly unconscious of thi3 
prodigious weight of the atmosphere; it is, however, 
instantly displayed, if by any means the air is removed 
from one side of an object, when the fall we^ht of the 
^air is exerted on the opposite side. 

Several interesting experiments can be' shown for 
proving the weight of the air ; but sinoe an entire division 
of natural science, called Pneumatics^ is devoted to this 
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enbiect, ve need not enter any farther into the phyacal 
properties of the air.* 

In coDclasioa ve may remark that several nsefiil ia- 
strumentB in d&ily use depend for their oction upon the 
«eight of the air ; for instance, the lift-pnmp and the 
barometer, or weather-glasa, are instrumenta of this sort. 
The latter partionlarly deserves notice, Binoe, in addition 
to itB being a moat valnabte instrument to the farmer, 
mariner, »nd others, whoee proaperity is often isflueaced 

* We mnat, howsTer, dcreribe one simple experimeot, that in 
* moBt stnking nuuiiier exhibits tha weigbt of the ur. A hoUow 
brasB globe of aboat lii inchea in diNnater, i> mads in tvo piecei 
tbat fit aocnrately togetber : eacb piece ia proTided with > muidle 
■ttached to ita centre. Tbesa tno huiiuBpheTea cMi be taken apart at 
plaasare, and are not faatened together ia anj my ; if, however, 
the two balres ara pat tc^ther, and tba air remored trom ths 
intarior of tha globe, b; maana of a atopeook, not ahown in the 
figare, tha weicht of tha atmotphere is azerted upon the outäde, 
iDd the two halvea are firmlT praafied together with aaoh foroa 
(hat two men are nnable to pnn Uiem apart. 



, _ ._ . .a Guericke, at Bendibnrg, it 
Cennanj, in the jear IB80. 
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by the weatber, it affords us the best proof of tbe weigbt? 
of the air ; it also sbows tbe sligbt variations to wbich 
tbis weigbt is subject ; and as tbese variations are indi^ 
cative of certain atmospberical pbenomena, as >¥ind, rain, 
&c,, its action as a foreteller of tbe weatber is explained. 

The Materials of which the Ätmosphere ia composed. 

Having sbown by tbe above Statements tbat tbe air is 
a substance, we now proceed to consider wbat kind of 
substance it is, wbat materials it is composed of, and 
tbe connection between tbese materials and animal and 
vegetable life. We propose to do tbis in as simple a 
manner as possible, and to leave out all scientific terms 
and expressions, except tbose which, having no familiär 
Substitutes, we are obliged to make use of. 

All the materials found in tbe air belong to a class of 
Bubstances called gases. The air, then, is a mixture of 
gases. Let us begin by explaining wbat a gas is. AU 
tbe materials belonging to our globe are eitber solids, 
liquids, or gases. Tbis latter class of bodies is sometimes 
subdivided into gases and vapours, but in reality there is 
no essential difference between a gas and a vapour; so that 
we may consider all materials of which tbe various natural 
objects are made, to belong to one or other of these thi*ee 
classes. Every one naturally becomes acquainted with 
a great number of tbe solids and several of the liquids 
belonging to the earth, but comparatively few of us are 
acquainted with the difierent gases of the earth. Tbis is 
because solids and liquids make themselves known to us 
through the sense of sight. The difierences between 
them are easily perceived, and we instinctively recognize 
their individual characters. But the case is different with 
gases. Althougb tbe number of gases is large, few of us 
are acquainted with any of them. It is because their in- 
dividual characters are not so strikingly displayed as tbose 
of the more material solids and liquids, and, consequently, 
we cannot by our unaided senses distinguish between them. 
All gases resemble more or less the air we breatbe. They 
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vre all transparent, and all very much lighter than either 
solids or liqoids. Yet the difierenoes amongst themselves 
ure very great in their appearance and qnalities ; and espe« 
cially in^ir cbemical cWters they difier most widely! 
For instance, while the majority of gaseB are colourless and 
invisible, some of them possess beautiful colours. There is 
a green gas^ a red gas, and a violet-coloured gas. Many of 
them are inodorouEf, others possess pungent smells ; others 
again abominable and poisonous odours. While some of 
the gases are much heavier than the air, a few are consider- 
ably lighter. Thus we perceire there is almost as great a 
variety even in the physical properties of gases as there 
is in tbose of the more substantial solids and liqoids. 
Forther, there are two great classes of gases : — 

1. Simple or elementary gases ; i. e. airiform substances 
that consist of one kind of matter only. 

2, Compound gases, or airiform bodies consisting of 
several materials, into which they may be separated by 
suitable means. 

The number of gases known to chemists is very great ; 
bat, fortunately for those persons who take an interest 
in the matenals of the earth only in so f ar as their con- 
nection with animal and vegetable lifo is concemed, only 
few gases have to be noticed. Usually not more than 
:five or six gases are found in a free or uncombined State. 
And here we may remark, that most gases are not a class 
of bodies permanently different from the solids and liquids 
of the earth. A gas must be regarded as a peculiar shape, 
— a greatly expanded, enlarged condition, that certain 
bodies have the power of assuming under peculiar cir- 
camstanees. 

It need scarcely be repeated that all the gases usually 
found in the air are devoid of taste, colour, and smell, and 
are transparent and invisible. The atmosphere consists 
chiefly of two gases, called respectively oxygen and 
nitrogen. These two gases form the bulk of the air ; all 
the other constituents occupying but a small space of the 
air. Of these two gases nitrogen is the more abundant. 
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forming foor parte oat of evexy five : tlie remaming fifbk id 
oxjgen. The other oonstituents are carbonic acid gas, 
water in the form of gas or Tapour, with mach smaller and 
Tarying quantities of nitric add and ammonia. 

The compodtion of the atmoephere may thna be 
stated — 

COBfPOSinON OF THE ATMOSPHEBE. 

(One Hnndred Parts.) 

Bf Wdght. By MeASore. 

Ozygen 28*3 .. .. 21 

Nitrogen 76*7 .. •. 79 



100-0 



100 



Carbonic Acid in 10,000 parts 

of Air. 
LargeBt qiuatity . . 5'74 
Smallest quantity . • 3*15 



Waier in 100 parts of Air 

at— 

Parts of Water. 
30 deg. of thennometer '41 
50 „ „ -80 

80 „ „ 201 

90 „ „ 2-70 

100 „ „ 3-60 

We now proceed to describe each of these consti» 
tuents, its qnalities, and the part it performs in nature. 

Propertiea of Oxygen, 

Ozygen is the most abundant material of the earth. 
It not only forma, as we have seen, one-fifth part of the 
entire atmosphere, bat it forms a still larger proportion 
of the balk of water, rock£f, earths, and minerals. In 
water, eight parts of every nine are oxygen, — the 
vast quantity of water on the globe, in the shape of 
seas, rivers, lakes, and the great oceans themselves, 
all containing oxygen in this proportion. Again, in 
rocksy minerals, and soils, oxygen forms a large propor- 
tion, averaging about one-half of their weight ; thus 
one-half of all the rocks and solid materials oi the globe 
consists of oxygen. It is no less abundant in the animated 
World. In animals, oxygen forms three-fourths of their 
weight ; in vegetables, four parts out of every five con- 
eist of oxygen. Thus we see oxygen is the chief material 
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of wHcli tbe entire globe is made. We also leam by 
the above Statements, tbat oxygen exists in three different 
mechanical fonns : as a liqiui in water ; as a solid 
in rocks, stones, and soils ; and in a State of gas in tbe 
air. In tbis latter condition it is free or unoombined ; 
and in tbis form we sball now describe it. 

Oxygen gas is tbe active principle of tbe air. Most of 
tbe properties we usually ascribe to tbe air are, in reaHty, 
dne to tbe ozygen it contains. For instance, we say tbat 
a fire or a candle will not bnrn witbout air ; but it is 
tbe oxygen only of tbe air tbat tbe fire or candle requires. 
Again, animals are said to require air in tbe vital procesB 
of breatbing ; bat it is tbe oxygen only tbat takes any 
part in tbe Operation. On exposare to the air, metals — as 
iron, zinc, <fcc. — are known to get corroded or rusted. Here, 
again, it is tbe oxygen tbat corrodes or rusts tbem. And 
so, in most natural Operations, it is tbe oxygen tbat indnces 
tbe cbanges observed to foUow exposure to tbe air. 

Oxygen in a pure State closely resembles tbe air in 
its extemal properties : it is equally colourless and free of 
smell j it is cbaracterized by possessing all tbe cbemical 
properties of tbe air in a mucb bigber degree. In otber 
words, everytbing tbat tbe air does, oxygen does &r more 
quickly and yiolently. In air, iron rusts slowly and 
imperceptibly j in oxygen, it rusts witb sucb violenco 
tbat in a few seconds a piece of iron is entirely converted 
into rast. Brimstone, tbat bums in tbe air witb a pale 
blue flame, scaroely yisible by dayligbt^ in oxygen bums 
witb a bidlliant ligbt. A caüdle recently blown out, is 
re-ligbted, if plaoed in oxygen gas. In fact, eveiy material 
tbat bums in tbe air bums witb increased brilliancy 
and yiolenoe in oxygen. Oxygen acts in a similar 
manner on animal life, tbe process of breatbing being 
bastened to sucb an exoessive degree as to produoo 
deatb. 

Tbe effects of combustion, respiration, rusting of iron, 
&c., eitber in pure oxygen or in tbe air, are produoed 
by tbe oxygen combining witb tbe materials conoemed' 
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in the Operation. Wherever a fire is seen, the oxygen 
is combining with the fuel; when iron is converted 
into rast, the oxygen combines with the metal. Thus the 
distinguishing property of free or uncombined oxygen 
is its affinity, as chemists say, or its inclination, if the 
term may be osed, to combine with all bodies in a con- 
dition to receive it. The phenomena of combustion, 
respiration, decay, putrefaction, &c, are all consequences 
of this property of oxygen ; and in all these Operations 
Compounds of oxygen are formed. These Compounds 
are called by chemists oxides. These oxides are very 
abundant in natnre : thus all the materials belonging to 
the soil, as sand, lime, ^., are mixtures of oxides, or con- 
sist of oxygen gas combined with varlous other subtances^ 

Froperties of NUrogen, 

The too exciting oxygen is diluted and its activity 
properly restrained by the more abundant bat indifferent 
flubstance nitrogen. As we have seen, four parts out of 
«very five parts of air consist of nitrogen : hence, there is 
an enormous quantity of nitrogen on the globe ; but, 
unlike oxygen, its presenoe is almost confined to the 
atmosphere and the animal and vegetable kingdoms, 
And seems to form but a small part of the mineral 
portion of the earth. 

Nitrogen in a pure State cannot be distinguished by 
cur unaided senses £rom common air, or even oxygen ; it 
is equally devoid of all striking qualities when in a 
separate or unmixed condition. It differs from oxygen in 
its effects upon buming bodies : oxygen, as we have 
Seen, accelerates the combustion of buming bodies, as a 
candle or taper ; nitrogen instantly extinguishes them. 
Hence we may readily distinguish it from oxygen, and 
by the same test also from the air. An animal is killed 
by Immersion in nitrogen, not from any poisonous quali- 
ties of the gas, but simply because it deprives the animal 
of the indispensable oxygen : the taper is extinguished 
from the same cause. 



THE ATMOSPHERE. 17 

Nitrogen, as found in the air, is remarkable for its in- 
active, indifferent qualities, its only purpose in this 
State seeming to be to curb the impetuosity of its too 
excitable companion — oxygen. Were we unacquaiuted 
with nitrogen in any other form, we might pronounce it 
to be almost destitute of chemical properties ; bat such 
would be a very unfair estimation of the characters of 
nitrogen, since it forms, when in combination with other 
bodies, Compounds remarkable for the essential functions 
they perform in the growth of plants and the nourish- 
ment of animals. The fiäct is, nitrogen seldom combines 
directly with other substances, as oxygen does, but always 
does so in a roundabout manner. Hence Compounds of 
nitrogen are not formed, when substances are exposed to 
it in the air, as they are of oxygen under the same cir- 
cumstances. 

Nitrogen in a solid form is present in all cultivated 
plants, as grasses» roots, wheat, &c., and particularly in 
those parts of the plants distinguished for their nou> 
rishing qualities when used for the food of men or 
animals. The grain of oats> barley, and wheat all contain 
nitrogen. 

Also in the bodies of animals nitrogen occurs in great 
abundance. Animal matters of nearly all descriptions 
contain a large proportion of nitrogen ; — ^in flesh, hair, 
feathers, bone, &c,, there is a great deal of this substance. 
Hence the flesh of our domestic animals in the form of 
animal food supplies us with large quantities of this 
solid or combined nitrogen; indeed, most kinds of 
food, and particularly those sorts of food noted for their 
strengthening properties, contain nitrogen in large pro- 
portions ; and so inseparable is the presence of nitrogen 
from the nourishing qualities of food of all descriptions^ 
that the value of feeding materials depends in a great 
measore on the quantity of nitrogen they contain. 

It must be borne in mind that the oxygen and nitro- 
gen of the air are merely mixed together, and not 
chemicaUy combined» 
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It is important to underatand in a clear maiiner the 
distinction between a mechanical mixture and a chemical 
combination. In a mechanical mixtore, eacb constitnent 
remains unaltered in its essential characters, and may 
generally be recognized in the mixture by the naked eye 
or by a microscope, and in most cases may be removed 
from the mixture by mechanical means; and further, 
when separated, will be found in the same oondition as it 
was before being added to the mixture. The appearance 
and extemal properties of a mixture are regulated by 
those of its constituents. On the contrary, in a chemicai 
combination, or as it is called, a Compound, one snbstance 
at least is essentially altered, and by no amount of ex- 
amination by the naked eye or a miscroscope, can the 
oonstituent particles be detected. Hence the smallesi 
particle is of the same quality as the bulk of the substance^ 
the whole being perfectly uniform, and homogeneous. 
Moreover, the qualities of Compounds are not regulated 
by those of their constituents. liquids may produce 
solids ; gases may produce liquids ; poisons may be formed 
from innoxious substances : so no opinion can be formed 
of the characters of a Compound by judgiug of the qualities 
of its constituent& Two or three examples will render 
this more intelligible— -When chalk is powdered and 
mixed with water, a creamy liquid results^ posaessing- 
qualities intermediate between those of chalk and water. 
On Standing, the chalk settles to the bottom, and the clear 
water is the same as before the experiment. If instead 
of chalk we nse plaster of Paris, the creamy liquid in this 
case will quickly harden and finally become a solid mass ; 
the water will disappear, and no longer be peroeptible by 
the properties it exhibits in a liquid form. In this latter 
case, the materials employed have combinedtogetherchemi- 
oally. Again, gunpowder is a mechanical mixture, although 
a most intimate one : it consists of charcoal, brimstone,. 
and saltpetre. By washing in water, the nitre is dissolved, 
and now can eacdly be removed and separated from the 
two other ingredients by filtering and stnubung. The 
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nitre may be obtained in a solid form by evaporating or 
boiling away tbe clear liquid over a lamp or fire until it 
dries up. The other two coustituents — sulphur and 
cbarcoal — may also be separated by suitable means, which 
need not be described here. Eacb constituent tbud 
separated from gunpowder will be found in precisely 
the same condition, as regards its chemical characters, 
as before being manufactured. But as we all know, if 
fire is applied to gunpowder^ it is instantly con- 
samed, leaying notbing but a small residue ; in otber 
words, its constituents have combined cbemically — and 
how dififerent are the resulting Compounds. Except a 
trace of solid matter^ notbing but smoke is seen ; yet 
these products, witb some invisible gases, contain all the 
sulphur, cbarcoal, and nitre that existed in the gun- 
powder. These materials have assumed new forms, in 
which none of their original properties can be recognized. 

Anotber extraordinary. property of chemical Com- 
pounds may be briefly noticed ; viz., they always contain 
definite proportions of their constituents; from what- 
ever source derived, they are invariably of the same 
composition, and possess the same chemical characters. 
For instance, the Compound known as chalk, or carbonate 
of lime, is found to be the same material, whether 
obtained from chalk rocks or prepared by passing 
carbonic acid into limewater. In both cases the chalk is 
cbemically identical, and consists of 22 parts of carbonic 
acid gas and 28 parts of lime. 

It has been wisely ordered that the oxygen and nitrogen 
of the air shall only be mechanically mixed, and not 
cbemically combined. Had it been ordered otherwise, or 
were they suddenly to combine, the entire face of nature 
would be altered ; the bland, health-giving air would be 
cbanged into the corrosive nitric acid, or aqua fortis. 
The only essential difference between the air we 
breatbe and aqua fortis is, that in the air the above gases 
ftre mixed and in the latter case combined. Marvellous 
aa it may seem to persons unacquainted with Chemistry, it 

c 2 
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is neveHbeless true that air and the corrosive nitric acid 
are formed of tbe same materials. 

We mention nitric acid, or aqua fortis, not only as a 
substance that migbt be formed froin tbe conatituents of 
tbe atmospbere, but as one tbat is formed, and in mimite 
quantities is actually found in tbe air ; wbile nitric acid 
in a concentrated form is a corrosive, destructive liquid, 
in a very diluted or in a modified form it is a valuable 
material for promoting tbe growtb of plants. We often 
apply nitric acid to our crops wben we use nitrate of 
soda (tbe well-known arti£cial manure) as a top-dressing. 
In tbis manure tbe nitric acid exists in a subdued, dis- 
guised form,none of its corrosive properties being displajed. 
In an analogous form, nitric acid is present in minute 
quantities in tbe rain tbat falls during tbunderstorms. 

It bas been found tbat wben currents of electricity are 
passed for a lengtb of time tbrougb a portion of air, small 
quantities of nitric acid are formed, produced hy tbe con- 
stituents of tbe air combining cbemically together. Tbis 
Operation takes place on a large scale in nature,tbe powerful 
currents of electricity generated in tbe atmospbere, giving 
lise to tbe awful pbenomena of ligbtning and tbunder, 
induce tbe materials of tbe air to combine togetber, and 
nitric acid is formed. Tbis substance again combines with 
anotber body called ammonia, also present in tbe air, and 
botb togetber form a salt, wbicb is called nitrate of 
ammonia. In tbis State it is conveyed to tbe eartb and 
to tbe growing plants by tbe rain. Tbus we see tbat tbe 
fresb, vigorous appearance of our crops, ofben noticed 
after tbunderstorms, is due to a small dose of valuable 
manure tbey bave received, in addition to tbe ordinary 
refresbing effect of tbe rain. 

Properties of Ca/rhonic Ädd Gas, 

Tbe next constituent of tbe atmospbere tbat demanda 
our attention is carbonic acid gas. Excepting nitric 
acid, we bave described only tbe materials of tbe air pro- 
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vided for the accomroodation of aDimals ; let tis now 
consider carbonic acid, the material especially provided 
for administering to the wants of plants. 

Carbonic acid gas forma a comparatively small propor- 
tion of the atmosphere — about one part in every -j^^ 
parts of air. Small as this quantity seems in relation 
to the vast bulk of the atmosphere, the absolute quan- 
tity of carbonic acid gas is i^ally immense, and sufi- 
cient for supplying the entire vegetable world with the 
Chief material for its growth. Carbonic acid contributcs 
to the health of plants in a manner analogous to that 
exerted by oxygen towards animals; in fact, carbonic 
acid is the source from which plants derive the greater 
part of their substance — they feed upon it and appropriate 
it as animals do food. 

In a free state, carbonic acid gas possesses the following 
properties. It is an invisible gas, having a slight odour, 
and is considerably heavier than the air ; it is a decided 
poison to animals : like nitrogen, it instant]y extinguishes 
aU buming bodies. Carbonic acid not only forms a part of 
the atmosphere, but in a solid state exists in rocks, minerals, 
and soils to a great extent. In chalk, marble, and other 
calcareons rocks, it forms nearly one-half of their weight ; 
in most rocks of this description, about 221b, of eveiy 501b. 
coDsist of carbonic acid gas. 

Both the gases we have hitherto described are simple 
or elementary gases. Carbonic acid differs from them in 
being a Compound gas — one that can be separated into 
two other materials. Carbonic acid consists of oxy&[en 
chemically combined with the solid substance carbon, 
or charcoal. In every 22 Ib. of this gas there are 6 Ib. of 
charcoal and 16 Ib. of oxygen. 

Carbonic acid gas is thus always found when oxygen 
Combines with carbon or charcoal ; and as this charcoal is 
the prevailing constituent of all materials used for fuel, 
it is clear that wherever fires are buming in grates or 
fumaces, enormous quantities of carbonic acid escape 
into the air. Carbon also förms a large proportion of 
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tfae food of auim&b ; and by their breathing tbis carbon 
is partly oonverted into carbonic acid gaa. Before pro- 
ceeding any further, it will be well to make ourselves 
acquainted with the properties of carbon. 

ProperUes of Ca/rbon. 

Carbonic acid gas» as we bave seen» consists of 
oxygeu gas cbemically combined with the solid substance 
carbon, or charcoaL In fornung this combination, the 
carbon and oxygen put aside the characters they pos- 
sess in a separate state, and together become a new 
substance, possessing new properties totally distinct from 
those of either of its oonstituents. One of the constituents 
of carbonic acid gas — oxygen — ^has already been described ; 
let US now direct our attention to carbon« In every 22 Ib. 
of carbonic acid gas there are 6 Ib. of carbon, or charcoal — 
we say charcoal, because this substance is the nearest 
approach to pure carbon. Ooke, soot^ coal, &c., are all 
varieties of carbon, of different degrees of purity. We 
are all familiär with the black, porous, brittle, solid 
charcoal, the form which carbon usually assumes when in 
a separate or uncombined State ; it is, howeyer, known 
in another and more attractive form ; viz., as the precious 
diamond. It is a fact tolerably well known, yet none the 
less marvellous, that the diamond is chemically identical 
with charcoal. Both oonsist of carbon j the only difference 
being, that the diamond is perfectly pure carbon in a 
crystallized state, while charcoal is carbon said to be 
" amorphous," or devoid of peculiar shape. Thus we see 
how much the arrangement of the particles of a substance 
determines its extemal properties and appearance. Car- 
bon, with its particles loosely arranged, with Spaces or 
pores between them, represents black, brittle, common 
charcoal j the same material in a compact, dense form 
constitutes the transparent, hard, glittering gern, diamond. 
iNumerous examples of this kind might be noticed. Gold 
and süver, for instance, when finely divided, are greyish- 
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brown pcwders, altogether devoid of the metallic luBtre 
peculiar to these metals. 

Carbon is a most abandant material of the globe, 
especially in the animal and vegetable kingdoms. In the 
bodies of animals, carbon forms a large proportion of their 
weight, and in vegetables a still larger proportion : aboat 
half the weight of drywheat, hay, roots, &c., consists of 
«arbon. Carbon oocnrs to a less extent in the mineral 
portion of the earth. In coal, graphite (the mineral of 
irhich the so-called blacklead pencils are made), Urne- 
stones, chalk, marble, &c,, a large proportion of carbon is 
present. 

When vood or vegetable products are bumed, their 
carbon, and other combustible substanoes they contain^ 
are consamed; that is, the carbon combines with the 
oxjgen of the air, and passes off as carbonic acid gas. If, 
however, the combostion is arrested before all the in- 
flammable matter is bnmed away, the greater part of 
the carbon is obtained in the form of charcoal. 

Charcoal, or carbon, in the black, brittle condition 
nsoaUy met with, is distingoished for its insolable and 
imperishable qnalities. A piece of charcoal buried in 
the earth will remain there any lengtb of time without 
showing Symptoms of decay. Advantage is often taken 
of this property of charcoal to preserve from decay timber 
that is buried in the earth, — as gate-posts, posts of 
fences, &c, By charring the surfstce of wood, a layer of 
csrbcm is formed, which in a great measore preserves the 
inclosed wood from further destruction. Another re- 
markable property of charcoal is its extreme porosity. 
On examining a piece of charcoal by a magnifying-glass, 
it will be found to be fall of minnte pores or tubes : these 
fine tnbes absorb gases, in the same manner as a sponge 
does fluids. In this way charcoal is capable of absorbing 
and fixing large qnantities of certain gases. Its power 
of absorbmg ammonia gas is particularly krge. In » 
dry condition, charcoal absorbs 700 times its own volume 
of thia gas. To a less extent, bat still in considerable 
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quantities, cbarcoal absorbs poisonous and disagreeably- 
smelling gases. Hence cbarcoal ia a valuable disinfeetant ; 
it absorbs and retains infectious and other noxious vapours 
£oating in tbe air, and may be used witb much benefit 
as a means of parifying bospitals and otber places 
wbere poisonous or contagious matters are likely to be 
present. 

Cbarcoal is also capable of absorbing and removing tbe 
small quantities of putrefj^ing animal or vegetable matters 
tbat sometimes render water unfit for domestic purposes ; 
indeed, so active is cbarcoal in removing offensive and 
unwbolesome smells and efßuvia of every description, 
that a lajer of it placed on tbe putrefying oarcasses of 
animals or other offensive things, effectnally prevents tbe 
escape of any unpleasant odonr or poisonous emanations. 

The above Statements will aid us in understanding a 
process continually going on in our cultivated soils, and 
affecting in some measure their fertility 

All soils, particularly garden moulds, contain hwnvus, 
This substance is formed from the vegetable matter left in 
tbe soil from previous crops : it resembles cbarcoal in 
many of its properties (amongst otbers is its colour, the 
dark colour of cultivated soils being due to the humus 
they contain), and may be regarded as cbarcoal resulting 
from the process of decay. Hence it is called sometimes 
humus-coal. The two substances differ in this respect ; 
that while ordinary cbarcoal is almost imperishable in tbe 
soil, humus, on the contrary, undergoes a gradual de^ 
struction in the soil, the oxygen of the air nniting with 
it, and furnishing a supply of carbonic acid for the use of 
plants. The two materials are, however, so far alike, 
that humus also possesses, though in a less degree tban 
cbarcoal, the property of absorbing gases, especially 
ammonia gas. In virtue of this property, the humus of 
the soil absorbs and retains ammonia from the atmo- 
sphere, in which it exists in minute quantities. The 
ammonia thus collected is supplied, through the medium 
of water, to the roots of plants, in whose organism it 
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petforms the imporiant functions that will be described 
in the foUowing cbapter. 

The beat given off during tbe buming of wood, coal, and 
all kinds of yegetable materials, ia tbe result of tbe intense 
c&emical action between tbe combustible elements of tbe 
fael (tbe cbief of wbicb is carbon) and tbe oxygen of tbe 
air. Witbout entering into an explanation of tbe nature 
and causes of beat, it may be taken for granted tbat 
wbenever snbstances combine togetber cbemically, beat 
is produced. In tbe process of buming or combustion, 
tbe combination between tbe combustible materials and 
the oxygen of tbe air takes place witb great rapidity, and 
a corresponding amonnt of beat is liberated : tbis gives 
rise to tbe pbenomena of fire. Fire is notbing more tlian a 
rapid liberation of beat. Wben tbe combination takes 
place slowly, as in tbe process of decay, tbe same amount 
of beat is prodnced ; but as in tbis case tbe liberation 
extends over a lengtb of time, no perceptible warmth is 
produced. In tbe process of respiration, or tbe breatbing 
of animals, tbis combination between combustible materials 
and tbe oxygen of tbe air takes places in tbe lungs at a 
speed intermediate between tbat of combustion and decay* 
In tbis vital process^ tbe oxidation is so regulated tbat 
an amount of beat is produced sufficient to sustain tbe 
necessary warmtb of tbe body. Tbus tbe process of 
respiration is closely allied to tbe Operations of com- 
bustion and decay. In eacb case beat is produced by 
the oxidation of combustible materials. Furtber, tbe 
materials concemed in eitber process are tbe same, as 
are also tbe ultimate producta of tbis oxidation. 

These combustible materials are conveyed to tbe bodies 
of animals in tbe food tbey eat. A large proportion of 
most feeding materials consists of substances of tbis kind, 
wbicb may be regarded as fuel for sustaining tbe animal 
warmtb. Oil and fat, sugar and tbe starcb of flour, are 
examples of tbis sort of food. Ab we sball leam in a 
Bubsequent cbapter, tbese ÜEicts are intimately associated 
witb tbe tbeory of feeding and fattening cattle. 
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The greater part of tbe carbon consamed in the food of 
man and animals is thrown off as carbonic acid gas in the 
breath exhaled. It is for this reason that animals require 
fresb air, and die if deprived of it, or when confined in a 
flpace where the vitiated air cannot escape. If we remain 
in a small room, where the carbonic acid gas of our breath 
cannot escape, it is clear we mnst in a short time breathe 
it over again ; and sinoe this gas is, as before mentioned, 
a poison, its inhalation mnst be attended with incon- 
Tenience and disturbance of health. The small proportion 
of carbonic acid present in the air is not feit, because 
we are aocostomed to receiTe it ; bnt any quantity 
larger than this normal quantity always produces efiects 
more or less serious. Even the comparatively small quan- 
tity of carbonic acid, which exists in the atmosphere of 
orowded rooms, theatres, &c., produces headaches, sleepi- 
ness, and other disagreeable Symptoms ; but if the quan- 
tity is still larger, it produces serious derangement, and 
even death, as in suffocation by charcoal fumes — an 
accident of not unfrequent oocurrenoe, and one that is 
generally caused by persons ignorant of the simplest 
chemical laws. 

Hence we leam how neoessary it is that the rooms we 
inhabit should be properly ventUated, or at least provided 
with some means of ingress and egress for the air. 

That carbonic acid gas is really formed in the process 
of breathing, and is present in the breath we exhale, can 
be shown by the foUowing simple and interesting experi- 
ment : — Whenever carbonic acid meets with lime, it 
forms a white substance called carbonate of lime, or, in 
familiär language, chalk. This fact famishes us with a 
test for lime, or the means of recognizing its presence. To 
apply this test for carbonic acid, we use lime dissolved in 
water — limewater, as it is called. It is made by adding 
to some water, in a jug or bottle, caustic or freshJy- 
bnmed lime. The muddy liquid is left at rest until the 
lime has settled to the bottom, and the liquid becomes 
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perfectly clear. The clear liquid contains lime in Solu- 
tion, and is called limewater. By blowing through a 
smali glass tube, or the stem of a tobacco-pipe, into a 
little of this limewater contained in a wine-glass, the 
dear liquid becomes milky, owing to the formation of fine 
partides of chalk produoed by the carbonic acid gas of the 
breath oomfaining with the lime of the limewater. 

The identity of the carbonic acid of our breath and the 
carbonic acid emanating from a buming candle or fire, 
can be demonstrated by the following experiment : — ^A 
piece of candle, or better, a wax taper, ia attached to a 
wire, and the wire suspended from the cork of a wide- 
monthed bottle (a pickle-bottle wül do extremely well 
for the purpose). If we now light the candle or taper, 
place it in the bottle, and put in the cork, the taper will 
bam a few minatefi, and afterwards go out : it will have 
consumed all the oxygen of the air contained in the 
bottle, or, in other words, will have converted all the 
oxygen into carbonic acid gas. On pouring into the 
bottle a little limewater and shaJdng it, a white milky 
substanoe will be observed, as in the first experiment. 
Fnrther, by the same test, we may prove that marble, 
chalk, or limestone of any sort^ contains carbonic acid gas 
in a fixed or solid form. 

Some fragments of chalk or limestone are placed in a 
small bottle with a little water and some streng vinegar; 
or better, a little oil of vitriol, or spirits of saltgf, of the 
Shops, is added. A boiling up, or efiervescence, will ensue, 
caused by the escape of carbonic add gas. This gas may 
be examined in the following manner : — A. distinguishing 
property of carbonic acid is its great weight, compared 
with the air ; consequently, it will flow from one vessel to 
the other like a fluid. By placing the bottle containing 
the acid and chalk in an inclined position, with its mouth 
near to that of another empty bottle (the bottle used in 
the preceding experiment will do very well, if washed 
out two or three times), the carbonic acid gas in the flrst 
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bottle vfill flow into tbe second, and may uow be tested 
by adding limewater : as before, a wbite milky substance 
will be formed. 

It will be Doticed tbat the quantity of carbonic aoid 
in the atmospbere is constantly augmented by the combus- 
tion of fuel, the breathing of animals, and the process of 
decay, putrefaction, &c. When we recollect the thousands 
of tons of coals consumed in this country alone, the multi- 
tude of animals on the globe, the millions of human beings, 
all pouring carbonic acid into the air, we are amazed at the 
prodigious quantities of this gas that must be added to the 
air. How is it that this gas does not accumulate to an 
injurious extent 1 What becomes of all this poisonous 
gas? These are questions that naturally occur to us, 
on becoming acquainted with the above &cts. Before 
seeking replies to these questions, it is well to recollect 
that the oxygen of the air diminishes in proportion as 
the carbonic acid accumulates. To be more precise, 
every 22 pounds of carbonic acid remove 16 pounds 
of available oxygen from the atmosphere. Hence we must 
not only find out in what manner the pemicious carbonic 
acid is removed, but also by what means the indispensable 
oxygen is replaced. Both these Operations are performed 
by plants. Plauts breathe the carbonic acid gas rejected 
by animals, and appropriate a part of it ; plants inimle 
earbonic acid ; by a wonderful Organization they decom- 
pose it, separate it into its original constituents — carbon 
or charcoal and oxygen gas. The former substance is 
retained as a material for adding to their growth, and 
building up their stems, leaves, and fruit, while the oxygen 
is exhaled, and retums to the atmosphere. Thus plants 
retum to the air the oxygen borrowed from it by 
animals. At the same time animals prepare food for 
plants by reconverting the rejected oxygen into carbonic 
acid gas, which to them is a wholesome and necessary 
food. Thus plants and animals not only promote each 
other's welfare, but are actually dependent on each other 
for existence. 
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The Mokture or Wetter of the Ätmosphere, 

Let US now consider the fourth constituent of the air ; 
Yix,, watery vapour, or water in the shape of invisible gas. 
On boiling, water passes into steam, which disappears in 
the air. This is becauae the air is capable of dissolving 
or taJdng np water in this gaseous or raporons form. 
When water is exposed to the air in an open Tessel, it 
gradually diminisheS) and if lefb long enough, entirely dries 
up and disappears : in this case it also passes into the air. 
Every one must have noticed that tl^ evaporation of 
water proceeds more rapidly in warm weather thau in 
Winter. The reason of this is : warm air dissolves or 
takes up a great deal more water than cold. Hence we 
find the proportion of water in the atmosphere constantly 
yarying ; being greater in warm weather than in cold. 
Evaporation takes place from all natural waters exposed 
to the air. From the surfaoe of the sea, lakes, rivers^ 
&c,, water constantly rises in invidble vapour or gas, and 
mixes with the air. That apparently diy air — as that of 
a room in which we live — ^r^ly contains a large quantit j 
of water, may be proved by ezposing to air substancea 
that have a great attraction for water — ''hygroscopic sub- 
stances " as they are termed. A sabstance of this sort is 
well known, and may be eafdly procored by the name of 
pearl-ash. If a small quantity of pearl-ash is exposed to 
the air, it gets moist, and finally runs to a liquid. This 
change in its condition is merely induced by the water 
attracted from the air. If we take the trouble to weigb. 
the subetance at the time of exposnre, and again after a 
little time, an increase of weight will be found : this 
additional weight is water absorbed from the air. 

We cannot suf&ciently appreciate the benefit we derive 
from this water dissolved in the air. By it the air is 
softened and moistened, so that the delicate organizations 
of plants and animals, to which the air gains access, are 
not injured or irritated as they would be were the air 
dry ani totally devoid of moisture. We must all haye feit 
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the unpleasant, and even injurions, effects of air deficient 
in moistore^ in the bleak, cutting east vinds that in this 
cotmtry so commonlj mar the beautj of our spring 
months. 

It is probably in the form of rain and dew that the 
water of the air most deserres our admiration. These 
beantifiil phenomena, that contribute so much to our 
welßure and happiness, bj the essential service they render 
in the growth of all oor crops, are formed by the steam or 
Tapour of vater in the atmosphere retuming to its original 
liquid condition. 

Another constituent of the atmosphere remains to be 
noticed, yiz. ammonia, which, although it forms but a 
yery small proportion of the air, yet oontributes in no 
small degree to the beneficial effect of the air upon 
plants. 

In speaking of nitrogen, it was mentioned how re- 
luctantly and by what indirect means only, this gas com- 
bined with other gases and substances. As if to com- 
pensate for this inactive and indifferent disposition of 
nitrogen in a free state, its Compounds, are remarkable 
for the essential service they render in promoting the 
growth of plants, and contributing to the nourishment 
of animals. Ammonia is one of these Compounds of 
nitrogen ; it ia one of the necessaxy, perhaps the most 
necessary matenal requisite for the growth of plants. It 
exists in minute quantities in the atmosphere, as before 
stated, and also forms an important part of most natural 
and artificial manures. 

Ammonia consistB of nitrogen and hydrogen (another 
gas that wiU presently be described under the head of 
Water), chemically combined. It possesses properties so 
pecnliar and so different firom those of its constituents, 
that we are sometimes led to forget its origin, and regard 
it as an elementary sabstance. Ammonia is well known 
by the name of hartahom, a name probably derived from. 
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the ancient method of preparing it by burnlDg hom or 
bones ia a close vessel. In a free state, ammonia is a gas, 
invisible and colourless, but possessed of a powerful, 
irritating, pungent smell. ünmixed with air, this smell 
is so overpowering as to be injurious and destructive to 
life ; but when mach diluted with air, is said by many 
persona to be agreeable and refreshing : in this diluted 
State ammonia is frequently used for smelling-bottles. 
Whenever animal matters, as homs, hair, feathers, bones, 
4&C., are bomed, the nitrogen they contain combines with 
the hydrogen also present, and ammonia is formed, wbich 
passes off with the smoke and other strong-smelling Com- 
pounds simultaneously formed ; so that the ammonia 
eannot be recognized by its well-known smell, but may 
easily be detected by suitable tests. 

The same thing takes place more slowly wheu animal 
matters decay or putrefy. Another source of ammonia 
is coal. In all coal a little nitrogen is present : this in 
buming becomes ammonia. If the coal is burned in 
open fires, the ammonia is lost ; but when coal is heated 
in closed vessels, as in the process of gas-making, the 
ammonia is usually collected by suitable means. From 
this source nearly all the Compounds of ammonia met 
with in commerce are obtained. 

Ammonia in a pure state, or as usually present in the 
air, combined with carbonic acid gas, is an extremely 
Yolatile substance ; it flies off as soon as prodnced, and by 
heating is diiven out of any mixture containing it. The 
liquid known as spirits of hartshorn is ammonia dissolved 
in water. It possesses properties like potash, soda, or 
lime. Ammonia belongs to a class of substances called 
^kalies ; and since this is a term often employed in 
describing chemical changes, it may as well be explained 
this place. Soda, potash, lime, and ammonia resemble 
each other in possessing a peculiar caustic or alkaline 
taste — henoe they are called alkalies ; they also produce 
when handled a slippery, soapy Sensation on the fingers ; 
jmdy fiirther, they all possess the power of removing or 
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«oncealing the characteristic properties of anothei class 
of bodies called acids, or sour substances; as viuegar, 
snlphuric acid, or oil of vitriol. Alkalies and acids are 
^id to be antagonistic to each other, because, in com- 
bining together, they fight, so to speak, and deprive each 
other of their characteristic properties. 

When we try to improve sour beer by adding to ifc 
soda, we avail ourselves of these properties of acids and 
alkalies. We find the sour taste disappears ; at the same 
time the unpleasant taste of the soda is not perceived : 
the two substances have neutralized each other. The 
aeid and the soda are still present, but all their character- 
istic properties are disguised. 

The intensely sour add called oil of vitriol roay be 
neutralized in this way by soda, lime, or any other alkali. 
Whenever adds and alkalies thus neutralize each other, a 
new substance is formed, with a taste neither acid nor 
alkaline, but saline : hence the term salt. When soda is 
added to sour beer (it need scarcely be said beer becomes 
sour from the formation of vinegar), a salt is formed^ 
which remains dissolved in the liquid. Ammonia is dis- 
tinguished by being the only volatile alkali, — the only 
one that flies off by exposure or heating. This may be 
proved by a simple experiment, which is very instructive, 
inasmuch as it enables us to understand what is nieant 
by the expression " flxing ammonia," so often used by 
agricultural writers. A little spirits of hartshorn, that is, 
a Solution of ammonia in water, is boiled in a cup over a 
lamp. The ammonia will rapidly escape into the air, and 
afber a short time the liquid left in the cup will have lost 
its pnngent smell ; all the ammonia will be volatilized. 
If we add vinegar to another portion of hartshorn until 
the pungent smell is overcome, and now boil this liquid as 
before, no ammonia will escape ; it is retained by the acid, 
and has now become a salt : it has been fixed. We may 
obtain this salt in a solid form by evaporating the 
liquid until it dries up. The white saline mass contains 
all the ammonia combined with the vinegar« 
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Ammonia in a free State is often liberated in sfcables or 
irom recently-tnmed farmyard mannre. In this condition 
it rapidly flies ofi, and is wasted^ unless measures be taken 
to prevent it. This is best done by sprinkling the manure 
with diluted oilof vitriol, or in stables bydiluting it with 
water^ and adding sawdust; exposing it in basins or otber 
sballow vessels. The ammonia is thns oonverted into a 
Salt, and is flxed. 

In this fixed condition, or in the form of saJts, ammonia 
is generally met with ; for instance, the ammonia obtained 
from coal is usaally oonverted into solphate or muriate 
of ammonia. The ammonia oontained in goano, soot, and 
other artificial manures^ is chiefly present in the form 
of Salt, in which state it cannot be recognized by its 
peculiar odoor. It may, however, be deteeted by the 
following test: — ^Any salt of ammonia, as sul{^ate of 
ammonia from the gasworks, or the dry salt left after 
adding vinegar to hs^shorn, in the abore-named experi- 
ment, is mixed with a little slaked lime, and moistened 
with water. Free ammonia is now rapidly evolved, and 
may readily be recognized by its powerful smell. The 
add in the salt of ammonia leaves the ammonia and com- 
bines with the lime : the ammonia is thus set free, and 
it resumes its volatile condition. Guano may be tested in 
this way for ammonia. 

In this free and volatile condition ammonia exists in 
the air. How, then, it may be asked, is it conveyed to 
plants, for whose development it is indispensable 1 It is 
gathered from the air and supplied to plants by the follow- 
ing means :— 

1. Plants possess the power of absorbing ammonia 
directly from the air by the leaves ; but the quantity most 
plants obtain in this manner is «xtremely small. 

2. The nitric acid, formed as before mentioned, during 
thunderstorms, and probably in smaller quantities at 
other times by the currents of electricity which con- 
stantly pass through the air, on meeting with the alkaline 
aubstance ammonia^ combines with it and forms a salt, 
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ealled nitrate of ammonia : this salt is actually found in 
rain-water and snow, particularly in rain fedling during 
thunderstorms. In this manner plants obtain a small 
quantit 7 of ammonia. 

3. In speaking of cbarcoal, its property of absorbing 
gases was notioed. It acts towards gases in a manner 
ansdogous to tbat of a sponge towards floids. Charcoal in 
a porous dryoondition eagerly absorbs ammonia^ and retains 
it until moistened with water, wben the ammonia it has 
absorbed is transferred to the water. On drjing, the 
charcoal is again ready to absorb more ammonia. A 
substance closely analogous to charcoal is found in soils. 
It is ealled hvm/us, and may be regarded as the charcoal 
produced from vegetable matter by decay, instead of 
by burning. This humns acts towards ammonia in the 
same manner as charcoaL In a dry State, it absorbs 
ammonia from the air, and coUects it imtil the rain washes 
it out and coaiveys it to the roots of plants. On again 
drying, the humns coUects a fresh störe of ammonia. 
Other substanoes also present in the soll act in a similar 
manner; as clay, alumina^ oxide of iron, &c, These 
materials will be described in the next chapter. 

4. The seil always contains animal and ve^retable sub- 
stances, which by dLay yield smaU quautitiea ^f ammonia. 
This is directly absorbed by the roots of plants. 

The above are the means provided by Nature for sup- 
plying Planta with ammonia, and are aLply sufficient for 
the requirements of plants in a wild stete, where the 
plants have plenty of soil to grow in. But with cultivated 
plants the case is different ; these are often grown on poor, 
thin soils, that contain veiy little humus, and very little 
clay ; the ammonia obtained from the air by these soils 
is insuficient for the proper development of the plants. 

This deficiency is supplied by adding to the soil 
manures. Ammonia is an essential constituent of farm- 
yard mannre, guano, soot, and most other manures. By 
this means cultivated plants are supplied with the am« 
monia indispensable to their luxuriant growth. 

D 2 



86 AGRICULTURAL CHEJXI8TSY. 

From the ammonia supplied from any of the above 
Bources plants obtain the materials requisite for the fabri- 
cation of their 8eeds,and other choice parts of thestructore, 
that afberwards become the food of man and animals. 

Since the action of ammonia, in the shape of maniire, is 
a matter of great importance in Agricultural Chemistry^ 
we shall again refer to this subject in a future chapter. 

The atmosphere is admirably well adapted for the part 
it performs in the economj of nature. 

In Order that the exciting oxygen may not act too 
violently on the organs of animals, or combine too fiercely 
with combustible bodies, it is diluted with a bland indif- 
ferent gas — ^nitrogen. In this dilute condition, oxygen is 
restrained from injurious activity, at the same time it is 
at liberty to perform those functions allotted to it, for the 
proper maintenance of animal and vegetable life. 

Again, carbonic acid is required. This, as we have 
seen, is a poison to animals, bat a necessary food of plants. 
In Order that plants may be sapplied with this gas with- 
out its interfering with the health of animals, it is present 
in bat avery small proportion,too small to act injariously 
upon animals, yet large enough to sapply all the wants 
of plants, the organism of which is so constructed that 
they are enabled to collect the small qaantity of carbonic 
acid from a large bulk of air : this they do by the 
numerous leaves, which expose a very large breathing 
surface to the air. 

The heavy carbonic acid gas and lighter oxygen and 
nitrogen gases are intermingled and maintained in a 
perfectly uniform state by a peculiar natural law, called 
the "lawof diffusion of gases." This law may be de- 
scribed as a tendency all gases exhibit, when opportunity 
ofiers, to intermingle or diffuse themselves. Thus, a gas 
that possesses any peculiar smeU, on being liberated in 
the air, does not remain in one spot, but rapidly dif- 
fuses and pervades the surrounding air, in viiiiue of this 
tendency. Again, a bottle or vessel filled with any one 
sort of gas cannot be retained in a pure or unmixed state 
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if the vessel containing it is not perfectly closed ; if there 
is t.he least opening communicating between tbe bottle 
and tbe extemal air, tbe air will begin to pass in, and tbe 
gas begin to pour out ; so tbat, afler some little time, tbe 
gas will entirely escape from tbe bottle ; and tbis Opera- 
tion takes place independently of tbe gas being beavier 
or ligbter tban tbe surrounding air. Were it not for 
tbis Provision, tbe beayy carbonic acid gas would settle 
to tbe bottoin of tbe atmospbere in tbe portion nearest 
tbe eartb ; but in consequence of tbis law, all tbe con- 
stituents of tbe atmospbere are equally distributed and 
preserved in a perfectly uniform condition. Portions of 
air bave been collected from different parts of tbe eartb's 
sm^face, and from diffei'ent beigbts; in all cases, tbe com- 
Position is found to be tbe same, at least so far as tbe 
proportions of nitrogen and oxygen are concerned. In 
making tbis remark, we are aware tbat tbe air of certain 
localities is occasionally impregnated witb certain vapours 
and miasma injurious to buman life ; but tbese local 
defects in tbe air, tbat are often produced by our own 
carelessness and neglect of sanitary matters, must not be 
considered as affecting in any way tbe general composition 
of tbe atmospbere. Tbe air as we generally find it, or aa 
it is provided for us by God, bas no otber effect on our 
Systems tban tbat of increasing our bealtb, strengtb, and 
bappiness. 
Tbus, in tbe atmospbere, we are able to perceive wbat 
. we believe extends to all natural productions; viz., a 
perfect adaptation for tbe purposes tbey are provided to 
fulüL 
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CHAPTEß IIL 

THE SOILi 

Origin of ScUa, 

The greater part of the stirface of the land is covered 
by a layer of loose earthy matter, consisting of a mixture 
of stones of different sizes, sand, claj, and other mineral 
substances, with yarylng qnantities of decaying vegetable 
and animal remains. This mixture is found to vary most 
widely in different locaüties, and constitutes wbat we 
call the soil. It is often but a thin layer, occurring in 
patches on the ragged sur&ce of hard rocks, and capable 
of supporting nothing in the shape of Vegetation bat a 
scanty crop of mosses, lichens, and plants of this descrip- 
tion. In other places, it consists of a deep mass of 
Tegetable mould, so fertile and productive that the 
simplest cultivation is sufficient to raise from it the 
finest crops of grain, and every sort of food for man and 
animals. In many instances, deposits of this sort are so 
rieh and of such apparently inexhaustible fertility, that 
year after year they prodnce the most abundant crops, 
without receiving anything in compensation in the shape 
of manure. Between these extremes in the qualities of 
soils, every description of soil is met with, differing as 
much in colour, texture, depth, and all other externa! 
characters, as in their capabilities of affording nourish- 
ment to plants. 

It may be stated as a general rule, that all soils are 
produced from rocks by some or all of the numerons 
destructive Operations to which rocks are exposed. This 
destruction, or breaking up of rocks, is effected by several 
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stapendoos Operations constantly going on in natare; 
for instance, volcanic action, floods, ice, and snow are 
described bj geologists as active agents in cbanging the 
forma of rocks. The most effective agent, however, in 
altering the condition of rocks, and changing the character 
of the earth's sar£EM;e, is the atmosphere, inclnding the 
pheiOLomena of rain, irost, <&a, which act chiefiy mecha- 
nically; as well as the chemical effects exerted by the 
oxygen gas, carbonic acid gas, and other constituents of 
the air already notioed. 

Whenever the snrfaces of rocks are exposed to the 
action of the weather, they nndergo a slow but sure 
process of decay,^ — ^they rot, or disintegrate, as this process 
is termed by geologists. Fragments, more or less bulky, 
are constantly detached by frost, or some of the means 
before mentioned: these separate infco smaller pieces, 
and finally cromble to powder. We have noticed, when 
speaking of the constituents of the air, the extraordinary 
avidity with which the oxygen gas nnites with certain 
bodies that are in a condition to receive it. Bodies of this 
aort frequently occur in rocks and miuerals ; and supposing 
them to exist at the surfsice, or within the reach of oxygen 
gas, combination will ensne ; and the resulting Compound 
being always more bulky, or otherwise difTerent from 
the original form, a disturbanoe of the surrounding parts 
takes place, accompanied by a loosening of the surface 
of the rock. Again, the carbonic acid of the air has a 
great tendency to unite with several mineral subskances 
of constant occurrence in rocks. For instance, there is a 
mineral called feispar present in many rocks. Where this 
mineral is exposed to the carbonic acid of the air, it is 
slowly decomposed, and separates into two new substances, 
both of whici are highly useful in contributing to the 
growth of plants. These two substances are called respec^ 
tirely potash and silica. We shall again have occasion to 
speak of these substances at greater length in another divi- 
aionof thischapter. We mention them here merelybecaus^ 
the mineral feispar is a good illustration of a substance 



40 AGRICULTUBAL CHEMISTBY. 

beloDging to rocks, that quickly become altered wheiix 
exposed to the atmosphere. The mechanical eüect o£ 
rain and frost must also be noticed in considering the 
various means that aasist in the breaking up or crumbling 
of rocks and minerals. It is well known that frost is- 
most active in this respect, at least in countries like our 
own, where intennittent frosts are common in winter. 
It owes this activity to the fact that water in the act of 
freezing expands with irresistible force; hence, if water i& 
oontained in any receptacle unable to yield to the increase 
of bulk, consequent on its freezing, the yessel is certainly 
broken : this is the case with the strengest iron vessels.. 
In the fissures and interstices of rocks, water often accu- 
mulates, collected from the rain, dew, and other sources. 
This water will, on the occurrence of a frost streng enough 
to penetrate to these places, be frozen, and the brittle 
rock, unable to contain the water in its enlarged con- 
dition, is split and tom apart : on the ice thawing, or, ia 
other words, the water again becoming fluid, these detached 
fragments are loosened, or fall away. By this means 
alone, enormous masses of rock are separated from 
the faces of clifiTs, which in many places get visibly less 
and less every winter. The rain also materially assist&> 
the above-mentioned agents in their united attacks on 
the surfaces of rocks and minerals : it not only washes 
away the finer particles of detached material, and thus 
exposes fresh surfaces for the renewed action of oxygea 
gas and carbonic acid, &c., bnt in many instances dissolves 
the rock itself ; and although the quantity of substance 
removed in this way is small, yet in the course of time 
appreciable diminution in bulk may be seen to havo 
taken place from this cause. 

From the above general facts we may form some notion 
of the manner in which the surface of an exposed rock,, 
supposing it to be tolerably level, or at most undulating, 
may be gradually converted into a soil. We can easily 
imagine how by the unceasing action of the oxygen and 
carbonic acid of the air, combined with the occasionaL 
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efiect of £rost, rain, &c,y fragments are loosened and 
detached ; tben crumble down and accumulate, until a 
layer of sufficient tbickness is formed to retain enough 
water to preserve it in a poroas, moist condition. Mossea 
and plant3 of a low Organization will now spring up ^ 
then in time will decay, and fumish to the imperfect soil 
a quantity of decaying yegetable matter : it will now be 
in a condition to aJlow of tbe growth of a higher class of 
plants, whose seeds may accidentally be conveyed to the 
spot. Vegetation being once established, the vegetable 
matter — the homns we shall presently describe — will 
steadily incwaae, until a due proportion is present to- 
constitute a soil. This soil will, of course, be strictly 
dependent on the characters of the rock from which it is 
formed; all its qualities — its colour, texture, &c, — ^will 
resemble those of its parent rock. If this rock contain 
all the mineral constituents reqnisite for the vigoroua 
growth of plants, the soil will be a fertile one ; if, on the- 
contrary^the rock is deficient in any of these constituents, 
a soil of corresponding quality results. And this is the 
distinguishing character of soils of this class ; viz., that 
they always partake of the qualities of the rock on which 
they lie, and consist for the most part of fragments of 
tbis rock in different stages of pulverization. 

Another class of soils must now be noticed, whose 
origin is somewhat different from the above, and whose 
characteristic property is, that they do not always partake 
of the characters of the rock on which they rest. Thus. 
far we have only spoken of soils that have been directly 
produced on the surface of rocks by the breaking up 
of these surfaoes when ezposed to the action of the 
weather. This Operation can only take place when thesc- 
surfaces are tolerably level, or at the utmost undulating^ 
and never on the sides of rocks that are at all steep or 
precipitous. Before inquiring into the character of thisj 
Becond class of soils, let us briefly account for the occur- 
reoce, and describe the formation, of the vast masses of 
gravel, sand, clay, &c,, which form so large a portion o£ 
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tbe surface of the land, and on whicb tbe greater number 
of soils rest. 

Wbeneyer tbe sides of rocks are steep and predpitons, 
or occor in tbe sbape of cMSk, tbeir destmction in tbe 
manner above described is conaaderably bastened; tbe 
fragments separated bj any of tbe before-mentioned 
means fall away as soon as detacbed, and accumulate at 
tbe foot of tbe cli£&, or in tbe Valleys of tbe mountainous 
district. Tbe rain also -wasbes away tbe finer particles, 
and carries tbem down to tbe lower grounds, wben, 
perbapsy streams or rivers convey tbose substances stül 
fortber away. Again, if districts like tbe above are 
exposed to floods, great quantities of loosened material 
are carried away, and transported to considerable dis- 
tances; during wbicb Operation tbese rougb fragments 
nndergo more or less alteration in form, and assnme tbe 
rounded sbape commonly possessed by tbe pebbles found 
in graveL Wbile tbis loose matter is tbus driffced along 
tbe Valleys of tbe district in wbicb it is formed, it will 
probably get mixed witb tbe remains of otber roeks of a 
different kind, brongbt down by similar means from 
neigbbonring Valleys ; and tbus will be deposited masses 
of material derived from several sources, in sitoations £ar 
away from tbe original position occupied by tbe particles 
of rock tbat composed tbem. Tbese masses of drifted 
materials, altered by grinding against one anotber, by tbe 
action of water and otber forces/ make np tbe bulk of 
wbat we call clay, sand, gravel, See, : tbey may all be 
described as mixtures of powdered rock, more or less 
altered by geological agents. 

Tbe sur&ces of beds of tbis description are converted 
into soils by means similar to tbose we bave already spoken 
of as acting upon rocks. Tbe Operation in tbese cases is, 
of course, quicker, and tbe resulting soil generally of a 
better kind tban soils formed on tbe siuface of bard 
rocks ; since, in accumulations made np of fragments of 
several kinds of rocks, a greater number of the mineral 
constituents required by plants are likely to be present 
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than in any one rock. Other circamstances being equal, 
it may be assumed that a soll of this sort is superior to 
one of tlie former class. 

Another matter connected with the formation of soils 
must now be briefly considered ; viz., tbe occurrence of 
different kinds of soll in close proximity to one another. 
We often notioe in districts of limited extent, several 
distinet kinds of soil, indicated bj the colour, texture, 
appearance of the crops growing upon them, &c. ; and 
if we are at all acquainted with these soils, we generallj 
find them as different in quality as their appearance 
wonld lead us to suppose. A variety in the characters 
of the soil is ofben noticed in a comparatively small space 
of gronnd. More than one kind of soil is commonly found 
on a farm ; even in one field it is not rare to find two or 
three kinds of soil. 

This difference in the character of soils is, as we haye 
Seen, in a great measore dependent on the underlying rock, 
or the deposit on which the soil rests ; hence we may 
generally assome that a diflference in soil is accompanied 
by a corresponding difference in the subjacent rock or 
deposit ; so that to account for the absence of unifornuty 
in the soils of one district, we must seek for an explana- 
tion in the laws which regulato the position and arrange- 
ment of the rocks, beds of day, gravel, and all other 
materials of the earth's crust. 

Whatever kind of material may exist at the immediate 
snrface of the earth, there is always found at a depth, 
varying in different locaJities, a solid rock. Of course the 
rocks found in this way vary to an immense extent in 
quality, character, appearance, and in every respect ; but 
However different they may be, we are able to class them 
as belonging to one or the other of two great divisions 
into which all rocks are divided. In cliffs, quarries, 
railway-cuttings, and other situations where the interior 
of rocks is laid bare, and we have an opportunity of 
examining their structure, we may notice that most rocks 
^ deposited in regulär beds, layers, or slioes, called by 
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geologists strata. In one and the same fistce of rock we* 
may often see two or three different layers, composed of 
rocks widely different from each other in colonr, texture, 
and every extemal quality. Bocks that are deposited in 
this manner, in layers or strata, are called stratified rocks. 
The niunber of stratified rocks is very great ; but of their 
numbers, characters, qualities, or origin, we shall not speak, 
merely taking for granted their existence. 

These stratified rocks are arranged in nature in a series 
one above another, in regulär order. This series forms 
the Upper or outer portion of the crust of our globe. In 
this series each bed of rock has its appointed place, and 
is generally found in this place, — at least in regard to the 
other rocks found above or below it. 

It must also be mentioned that the accumulations 
spoken of by the names of beds of clay, saud, gravel, dbc, 
have also been deposited in layers or beds, generally at 
the top of the stratified rocks. Hence we often find 
cavities and irregularities in the surfaces of rocks fiUed 
up and overlaid by materiah of this sort. 

At the bottom of this series of stratified rocks are 
found the unstratified rocks ; that is to say, rocks that 
have not been deposited in this regulär manner, but 
which are uniform throughout their bulk, from the lowest 
parts of them we can reach, to their highest summits. 
We say these rocks occur at the bottom of the stratified 
rock, but they also occur in all other positions with 
regard to the series of stratified rocks, protruding through 
them, displacing them, overlaying them, and rising j^r 
above them. An other name for these rocks, that will 
throw some light on the above Statements, may now be 
noticed. They are also called volcanic or igneous rocks. 
These rocks are all the result of volcanic action. By the 
stupendous efiects of volcanoes and other mighty agents, 
that at one time or another have extended to all parts of 
the earth's surface, these volcanic or unstratified rocks 
have taken up the extraordiuary positions above men- 
tioned, and in so doing have displaced the stratified rocks. 
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i&om their original level position, and compelled tbem to 
take up new positions at all sorts of angles with the level 
snrface of the earth. Thus we find the series of stratified 
rocks, or parts of the series, inclined in all directions»- 
ofteu the edges of the beds uppermost. By this violent 
treatment, the layers of rocks have been somewhat de- 
prived of their regulär order, manj of the beds having 
been removed in one place and heaped ap in another^ 
<^reating all sorts of apparent confusion. 

To these effects of volcanic action must be added those 
of -water, in the shape of floods, torrents, and inundations, 
whicb, by washing down and intermixing the materials 
of the rocks^ have given rise to the deposits of sand and 
gravel, as before mentioned. 

Notwithstanding this complete mixing up of rocks, the 
Order of the stratified rocks is so far preserved, that the 
presence and position of any one rock or bed beneath 
the surface, may generally be inferred by the position of 
«ome other rocks that appear at the suiface, or to which 
we have access. On this fact is based the application of 
geology to the purposes of mining, agriculture, well- 
sinking, &c 

Of course, it is difficult to form an adequate notion of 
the vastness of these Operations, or of the stupendous 
means that must have acted to produce them. These 
beds often form entire tracts of country, and the edges of 
inclined strata are ranges of hills and mountains. 

It is unnecessary for us to inquire into the causes that 
have led to this apparent confusion in the materials of the 
oarth's crust. It is sufficient for our present purpose to 
know that such is the £Bu;t, and that in this manner is 
explained the occurrence of several kinds of rocks and 
deposits nearly together at the surface of the earth ; and 
thus, aLso, to some extent, is explained how soils of a 
totally difierent character are found close together, and 
often alternating in the same field. The following sketcb 
is intended to convey some notion of the structure of the 
earth's crust. 
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We may also remark that the above facta farnish ua 
with aa o/portunity of seeing how much our wel&re lu» 
been regarded by the Creator. Tbis seeming want of order 
in the arrangement of tbe beds or layers in wbicb the 
materials of the earth are deposited, is evidently kindly 
provided, in order that we may avail onrselves of the 
numerous treasures contained in some of these beds. 
Were it not for this apparent confusion, all but the 
layers exposed to the surfäce of the earth would be utterly 
i4cea8ible to us, and we ahould for ever remam i 
ignorance, and sufier from the want of the numerous 
useful things contained in the earth^ which we at present 
enjoy. 

We will now consider the soil more in detail, and iirst 
describe the various substances that are found in soils, 
their properties, uses, and their connection with agri- 
culture. 

Organic Portion of Soils, 

The soils of our gardens and fields, widely difiering in 
mauy respects, are so far alike as usually to present a 
brown or black colour, inclining more or less to red. 
This dark colour, found more especially in garden mould, 
and to a less extent in all cultivated soils, is due to a. 
substance of vegetable origin, called hurrms. 

In all soils are found vegetabfe remains in different 
stages of decay. Some of these so far retain their original 
form, as to be easily recognized as parts of roots, stems, 
leaves, and other parts of plants. There is also a black, 
£dable substance, consisting of the above-named vegetable 
substances, more completely decayed, so that no organized 
shape can be perceived. This vegetable matter is called 
kwnMis ; and it is to this substance that the dark colour 
observed in soils is due. 

Not long ago it was believed that the fertility of a 
soil is in direct proportion to the amount of humus it 
contains. Such, however, is not the case. It is now 
known that humus, though a most useful oonstituent of 
tbe soil, does not alone regiilate fertility 
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That the fertility of a soil does not dopend on the 
-amount of humus it contains, is clear, when we recollect 
that peaty soils^ naturally of inferior quality, contain 
more of this substanoe tlian any other description of soils. 
Again, many soils famous for the heavy crops of wheat, 
and other crops they prodace, contain but a small pro- 
portion of this substanoe. 

Humus, as we have said, is the dark-coloured sub- 
stanoe resulting from the partial decay of vegetable 
matter, and is always formed when organic matter of 
this description decays in damp situations ; as when the 
-stumps of trees are suffered to rot in the ground, or 
when leaves decay in heaps. In a separate State, bumus 
is a dark-coloured, friable, porous, light substanoe, or 
rather mixture of substances, since the humus generallj 
^ontains several bodies, known to chemists by the names 
of humic acid, ulmic acid, ulmine, &c, ; but as these 
Compounds resemble each other very closely, and as 
/their action in the soil seems to be much the same, we 
think it advisable to speak of them all under the 
.general term of humus, We may regard this substanoe, 
or mixture of substances, as a kind of charcoal, since 
it possesses many properties in common with this body, 
particularly that of absorbing and retaining gases : it is 
<m this property of humus that its value in the soil 
•chiefly depends. We have already remarked, that one 
of the sources from which plants derive the ammonia 
required for their growth is the atmosphere, where this 
Taluable substanoe exists in a gaseous form in minute 
<][uantity ; and that this ammonia is absorbed by the seil, 
:and supplied to the roots of plants. Humus helps to 
perform this office in the soiL In a dry State, it collects 
ammonia from the air ; the rain washes out the ammonia, 
and presents it in a dilute State to the roots of the 
plants. 

Humus is also useful in the soil as a source of carbonic 

-.acid gas,another of the materials already described as neces- 

sary for the growth of plants. By slowly decayiug, humus 
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furnishes a constant supply of this substance to tue root» 
of plants. 

Thus we see humus plays an important pai't in 
supplying food to plants. It is, however, occasionally 
found in a condition different to that we have just de- 
scribed ; and, so far from performing the two important 
fanctions we have mentioned, it refuses to decay, and 
Beems to be an incumbrnnce to Vegetation. In this form 
it exists in boggy and peaty soils, and is popularly, though 
erroneously, called " sour humus." From this torpid in- 
active State humus may generally be aroused by the use of 
lime, as we shall notice on a future oecasion. 

Besides humus, other substances of vegetable and 
animal origin are also present in the seil ; as the 
undecayed stems, roots, and other parts of plants, and 
the larvse of insects : these materials are all comprised 
in the term " organic matter," applied to them by 
chemists. 

If a portion of dry seil is burned in an iron spoon, or 
other more convenient receptacle, over a lamp or fire, the 
ßoil lirst blackens, sometimes smokes, gives off the pecu- 
iiar smell of buming earth, and generally assumes finally 
a red colour. These changes are principally due to the 
destruction by fire of the organic matter present in the 
soil ; the distingiiishing property of all organic Compounds 
being that they are destroyed, or separated into their 
constituents by buming. The greater portion of the 
soil remains behind, and is generally a little darker 
coloured or redder than before burning, but otherwise 
unchanged by the action of heat. This is the 

Mineral or Inoryanie Portion ofüw SoiL 

This portion of the soil forms in most cases by far the 
greater portion of its bulk and weight. It consists of a 
ffiixture of mineral substances, all of which take a more 
er less active part in assisting the growth of vegetables. 
While some of them act only mechanically by giving bulk 
&nd porosity to the soil, the greater number, in addition 

E 
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to this effect» act also chemically, that is to say, directly 
contribute to the growtli of plauts by supplying them -with 
indispensable materials. The number of mineral consti- 
tnents usually found in soils is eleven or twelve, and 
-what may at first seem astonishing is the fact that this 
number seldom. varies in fertile and unfertile soils. In 
soils of almost eyery kind this number of materials is 
present. The presence or absence of certain materials 
determines in a great measure the quality of the soiL 
The iertility of land^ however, is likewise affected by 
the condition in which these materials occur ; for 
instance^ the Compound called phosphoric acid, before 
referred to as a substance intimately connected with the 
fertility of soils, is very seldom absent in any seil ; but 
although a soil may contain considerable quantities of 
phosphoric acid, the direct supply of this fertilizing agent 
is often marked with beneficial result& Paradoxical as 
the fact may seem, it is easily explained, as follows : — 
The phosphoric acid naturally present in the soil may 
exist in one of its stony, insoluble shapes before alluded 
to ; in this form it is incapable of entering into the 
deHcate vessels of the roots of plants, and remains in- 
effective, whilst the supply of the same substance in a 
condition in which it can be taken up by plants produces 
most beneficial results. Hence also the necessity of em- 
ploying proper means of rendering available the useful 
materials already present in a soil. 

The names of the inorganic or mineral substances be- 
longing to the soil are — Silica, Alumina, Lima, Oxide 
of Iron, Magnesia, Potash, Soda, Sulphur, Phosphorus, 
Chlorine, Fluorine. In this list we have arranged these 
materials in the order of their abundance, as they occur 
in a soil of average fertility. We will now proceed to 
describe the more prominent characters of each of these 
substances. 

JSUica is the predominating constituent of most soils, 
rocks, and minerals ; it forms a large proportion of clay, 
and the chief part of sand ; in short, silica is the most 
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abnndant solid material of the earth. In a pure state, 
silica is a white gritty powder, wbich is scarcelv affected 
byany ordinaiyTheL^ agent, and remains unalter^d 
when exposed to the strengest fires. It consists of silicum 
er Silicon^ and oxygen. These negative properties extend 
to nearly all the ordinaiy Compounds of siHca j there is, 
however, one remarkable exception in the case of solnble 
silica^ as it is called — a modification of silica that is so]uble 
in water. This Compound is found in all fertile soils, and 
perfc»*ms an important part in relation to the growth of 
plants. A great many plants contain silica as an essential 
part of their substance. In wheat, barley, and plants of 
this description, we find a considerable quantity of silica, 
which Las been conveyed into their structure as soluble 
silica by the agency of water. We are familiär with several 
combinations of ^ica in the dififerent varieties of glass 
commonly met with. Bottle-glass, window-glass, &:c., are 
all composed of silica, with smaller quantities of other 
materiaJs. Silica is also called silicic acid, and occasionally 
silex. 

ÄltMnina,"^Al\imiDSk combined with silica forms pure 
clay. The white clay of which pipes are made is nearly 
pure clay. The clays found in soils have usually a 
red colour, due to the oxide of iron they contain. They 
consist of pure clay intimately mixed with fine sand, 
oxide of iron, and some other substances. Pure clay in a 
moist State is a smooth, plastic material, retains water 
with great obstinacy, and on drying retains the shape 
given to it when moist. Alumina in a dry state much 
resembles silica : it is a white, gritty, solid^ exceedingly 
hard substance, which is sometimes found in nature in a 
crystallized state. The gems ruby and sapphire consist 
of ciystallized alumina. Alumina consists of oxygen gas 
and the metal aluminium. It will be recoUected this is 
the metal that has reoently attracted so much curiosity 
Qnder the name of the new metal made from clay. It is, 
however, a mistake to suppose that this metal has 
been newly discovered. This is not the case : it has been 

£ 2 
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known for some years, bat only to cbemists. Like tbe 
metal calcium, contained in lime, or sodium in soda» 
aluminiam could only be procured in small quantitie». 
Tbe only tbing new about tbis metal is tbe discoTery of 
a more ready metbod of separating it from its combi- 
nations, and obtaining it in larger qoantities, 80 as to 
admit of its qualities being better observed. By means 
of an improved process, aluminiam is now obtained in 
bars and plates, and is made into small vessels. It is 
a metal wbose appearance is intermediate between tbat 
of silver and zinc, its most remarkable quality being its 
extreme ligbtness. A bar of tbe metal lifted up conveys 
tbe impression of lifting only a rod of wood. It wotild 
no doubt be used for domestic purposes, if a more 
economical metbod of preparing it were known. 

Persons unaccustomed to remark cbemical pbenomena 
may well be astonisbed on being told tbat a bright silvery 
metal is contained in tbe clay of our fields ; yet such is 
tbe case : in every 2^ Ib. of pure clay there is 1 Ib. of 
aluminium. 

And now, wbile speaking of aluminium and tbe other 
metal s of tbe soll, let us make a few additional remarks 
on tbe substance witb whicb they are nearly all found 
combined. Tbis substance is oxygen gas, tbe same gas 
we bave described as tbe principal constituent of tbe 
atmospbere. Is it not extraordinary tbat tbis element, 
displaying so many active properties when in tbe state of 
gas in atmospbere, sbould also exist in a solid form in 
eartb and minerals under a totally different aspect, as re- 
markable for its passive and inactive qualities, as it is 
for tbe reverse of these qualities wben it occurs in tbe 
air? Oxygen furnisbes us witb a good example of a 
body tbat assumes more tban one condition, and also 
of tbe fact tbat one substance may present several 
different sbapes wben combined witb different bodies. 
Tbus we have already seen it forms tbe greater pai-t of 
silica or sand, also of alumina and clay ; and we shall 
find it forming tbe cbief portion of all tbe materials of 
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the soll. To reium to oitr subject, let us inquire into the 
conDection of alumina with agricnlture. 

AlumiDa does not directly contribute to tbe growth 
of plants, — it is seldom absorbed by tfaeir roots, and 
therefore is no direct food of plants. In tbe form of 
clay, however^ it is a most essential constituent of the 
soil. 

Clay, as above noticed, is very retentive of water ; bence, 
in bot, dry weather tbe clay of a soil becomes of great 
Service in protecting tbe plants grown upon it from tbe 
iDJurioiis effects of drougbt. At times, wben tbe sorface 
of tbe soil is apparently parcbed for want of water, if a 
little of tbe npper dry eai*tb is removed, tbe subjacent soil 
will generally be found moist enougb to prevent tbe 
plants growing in it from suffering for want of water. 
Tbis property of soils is cbiefly due to tbe clay and otber 
combinations of alumina tbey contain. 

Anotber important nse of clay in soils depends on its 
power of suoking up and retaining tbe easily soluble 
salts supplied in manure and from otber sources. Were it 
not for tbis property of clay, tbese fertUizing substances 
would be wasbed down by the first heavy rain into the 
subsoil, and be taken out of tbe reacb of the roots of 
plants* By tbis provision, however, tbey are retained in 
the clay, and supplied to the plants as required. Tbis 
property of clay enables us to understand tbe expression 
often applied by farmers to soils de£cient in clay ; such 
as Sandy and ligbt soils, which are said to be " hungry." 
Anotber important property of clay is its power of 
absorbing the valuable ammonia from the atmosphere, 
and conveying it to the roots of plants. 

Oxide of Iron. — Tbis substance is closely connected 
with the two preceding ones, being generally found with 
them in greater or less abundance in clays, sands, and 
other minerals. It is oxide of iron that gives rise to the 
prevailing red and bi'own tints of these substances. The 
blue colour sometimes noticed in rocks and clays is also 
due to oxide of iron of anotber sort. Blue clays on 
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expoBiire to the weatber rapidly change their colour, and 
finally become red. This circumstance is ezplained by 
protoxide of iroD, to which the bliie colonr is dae, rapidly 
attracting oxygen from the atr, whereby it is couverted 
into the red or peroxide of iron. 

When a piece of bright iron is expoeed to damp air, it 
quickly becomes oovered with rust, and if exposed long 
enough, is entirely changed into rast. The red-eoloured 
friable sabstanoe formed in this vay is oxide of iron, or 
the same sabstance which is found so abundantly in soils, 
sandsy rocks, &c In a moist State, as it is found in the 
clay of soils, oxide of iron, like alamina, possesses the 
power of abaorbing ammonia from the air. 

The other oxide of iron, above referred to under the 
same of protoxide, has usually a blae tint, and occars in 
the weli-known salt of the i^ops called green vitriol or 
oopperas. This sabstance is occasionally foond in soils, 
and alMrays exerts an injurioas effect on Vegetation. It 
is occasionally formed in soils from a mineral of not 
unfrequent occurrence, called iron pyrites, or iron com- 
bined with sttlf^ur. This sabstance may ofben be seen 
forming yellow metallic acales in the cracks of Inmps 
of coal. When iron pjrrites is exposed to the weather 
ander certain conditions, it is converted into suipbate 
of iron, or green vitriol, which, if present in more than a 
very small quantity, impairs the fertility of the soiL The 
barrenness of certain spots of ground has ofben been 
traced to the presence of sulphate of iron in injurioas 
quantities : it occars also occasionally in boggy and 
undrained land. By prolonged exposure to the air and 
weather, sulphate of iron loses its injurioas properties 
by being changed into the red or harmless oxide of iron : 
hence, the obvious remedy for land injured by the presence 
of this substance is thorough working, and fsdlowing. 
The same end may be more effectually attained by a 
liberal addition of lime to the land. 

Iron in the shape of oxide of iron is very widely spread 
" the earth's surface^ being present in small quantities 



in nearly all rocks and soils, and is occasionally tbnnd in 
them io so large a proportion as to admit of their being 
profitably employed as souroes of metallic iron. 

Lime, — ^Lime, in the chemical sense of the term, means 
the hot caustic substanoe reoentiy removed from the lime- 
kün, where it has been prepared by means of fire from 
}imestone rocks, which for the most pari consist of 
carbonate of lime ; that is, lime combined with carbonie 
add. — the gas, it will be remembered, which forms a 
smail Proportion of the atmosphere. On buming these 
rocks, the carbonie acid contained in them flies off into 
the air, and lime, in the proper sense of the word, mixed 
with any foreign matter the rock may contain, remains 
in the Ün. In this state it is commonly called qaick- 
lime, caustic lime, or hot lime : it oonsists of oxygen gas, 
combined with the metal called calcium. In this freshly" 
bumed state, lime is strongly caustic or alkaline ; that is 
to say, it possesses a peculiar acrid taste; and when 
moistened, produces a soapy Sensation on the fingers. 
This effect is due to its oorrosive action of destn^ng 
aoimal and vegetable matter. For this reason it fumishes 
HS with a valuable means of improving land suffering 
ftom an exoessive quantity of vegetable matter, as in 
peaty and boggy scnls. On this, with other equally im- 
portant pioperties, is based the use of lime as a means of 
improving defective soils; and since this Operation of 
Urning is an important one in AgricuHural Chemistry, w» 
shaU speak of it at greater length in a future chapter, 
amongst other allied Operations. 

When a lump of quioklime is eprinkled with water, it 
steams, cracks, gives off mnch heat, swells up, and flnally 
falls to an exceedingly fine, white, dry powder : all the 
water nsed in the Operation disappears. The lime is now 
Said to be slaked, and retains its former caustic qualities. 
The proper name of this slaked lime is hydrate of lime : 
the water used in slaking has entered into chemical 
combination with the lime, and with it has formed a new 
substance, in which none of the ^rcfinary properties of 
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vater can be recognized. The heat giveti off daring tlie 
process of slaking is the result of the violent cheiuical 
action. Without eatering iuto the laws. that regulate the 
production of heat, we may state, as a general fact, that 
a liberation of heat, or, more stiictly, a disturbance oi 
temperature, accompanies every chemical action. 

The slaking of lime is caused bj the great attraction 
posaessed by lime for water ; or, as chemists say, the 
liffinity of lime for water is strong. The above changes 
are represented as foUowing the rapid slaking of lime bv 
pouring water upon it. It must be uuderstood that the 
same thing takes place whenever the quicklime meetS' 
with water, as when exposed to the air and allowed to 
slake spontaneously. In so doing, it derives the requisite 
amount of water from the atmosphere, which, as we 
have Seen, always contains considerable quantities o£ 
watery vapours. 

Besides the affinity for water, lime has a great attrac- 
tion for carbonic acid gas. Slaked lime exposed to the 
air, especially when meist, rapidly absorbs carbonic acid 
(hence the use of lime in removing cai*bonic acid from 
places where it has accumulated to an injurious extent)^ 
and LS converted into carbonate of lime; in fact, ii> 
retnrns to its original condition, and, chemically speaking, 
is in the same State as it was before buming; but its 
physical form is very diffcrent : it is now in a fiue state 
of division. 

We avail ourselves of this property of lime when 
a,pplying it to land. As it would be next to useless to 
add to a soil carbonate of lime in the shape of lumps of 
limestone rock, we should secure the füllest benefit by 
adding and perfectly distributing the same material, pre^ 
pared from caustic lime in the manner just described, 
simply because in this finely-divided State it can be 
intim ately mixed with the soil and at once come in 
contact with the substances on which it is intended to 
ÄCt. We may remark by the way, that the importance of 
attending to the state of division of a material intended 
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to be added to the land^ extends to manures of all desciip- 
tioiis. 

Lime is indispensable to the gi*owth of plants: in 
manj plants it is an abnndant constituent of their asb, 
or mineral portion, and is fonnd in greater or less quan- 
tity in almost all plants. Tbos we see lime is a very 
important xnaterial of soils. No soil — or ratber, no culti- 
yated soil — ^is absolntely destitute of lime, altbough tbe 
Proportion of it in many soils is often less than is «quired 
for a bealtby growtb of plants ; and consequently the 
addition of lune in these oases is calculated to lead to au 
increase of produoe* In the shape of carbonate of lime, 
by faur the greater part of the enormous quantity of lime 
oocurring in the earth's ernst is fonnd 

Lime also occurs, bnt less abundantly, in other states 
of combination ; for instance, «s sulphate of lime, 
phospbate of lime, Silicate of lime^ nitrate of lime, &c. 
Two of these we mnst briefly describe. Sulphate of 
lime is also called gypsum, and is better known by its 
common name of plaster of Paris. It is found in tolerable 
quantity in many localities, often beautifully crystallized, 
and is widely distributed in most soUs, but in very small 
quantity. It is found in the ash of many plants, especi- 
sdly clover, beans, <fec. 

Sulphate of lime, as its name wonld imply, consists of 
lime combined with sulphuric acid, or oil of vitriol, and 
generally contains a definite quantity of water chemically 
combined with it. On buming, this water is driven out, and 
the resulting bumed sulphate of lime is plaster of Paiis. 

Since sulphate of lime is seldom present in soils in 
quantities sufficient to supply the demands of cultivated 
crops, gypsum is a useful manure, since, in addition ta 
its direct action of supplying gypsum to plants that 
require it, a second and more important office is per- 
formed by gypsum in the soil ; namely, that of Converting 
the volatile combinations of ammonia into more perma« 
nent forms. This important property of gypsum will be- 
spoken of under the article " Manures." 
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Phon^liate <^ lime Beidom oocors natnrally in «nls : 
it exists in oertain rocks, and occasionallj entire beds 
of it are foand. The minerais called apaüte, phosphorite, 
^bc, consist chiefly of phosphate of Urne : lienoe these 
minerais are yaloable sources of phoephate of lime^ for 
tlie preparation of saperphosphates and manores of Üäs 
description. As this Compound of lime will also be oon- 
sidered amongst the maniire% uotlÖDg fnrther need be 
Said of it in tlus place. 

Mctgneaia. — Tfais substanoe resembles lime in manj of 
its properties, and is generally fonnd accompanying lime in 
rocks and mineraU. Several kinds of rocks contain a large 
Proportion of magnesia ; as dolomite, magnesian lime- 
«tones, Serpentine, &c. Magnesia» like lime, mostly occors 
as carbonate, or combined with carbonic add. It is also 
^common as Silicate, or combined with silicic acid. A 
variety of this oomlrination of ms^i>m. is .^eU known as 
meerscbaum, the material of pipe bowls. Two other 
forms of magnesia are £&miliar to most of us, viz., the 
magnesia of the shops, which is carbonate of magnesia 
artificially prepared, and Epsom salts, consisting of mag- 
nesia combined with oü of vitriol, or sulphuric acid. 

Magnesia is present in all cnltivated soils, and is very 
necessary to the healthy growth of many plants. In 
wheat, barley, and plants of this kind, magnesia is always 
found, combined with phosphoric acid, espeeially in the 
ahells or bran of the grain. Its presence in the soii 
seems to be necessary to the proper deyelopment of the 
seeds of these plants, Phosphate of magnesia is fpund in 
Company with phosphate of lime in the bones of animals. 

Potash. — ^When wood is bomed, a greyish-white ash 
is left : this ash consists for the most part of potash, or 
more correctly, carbonate of potash. 

The ash left on buming wood and other parts of plants 
in all cases consists of the mineral snbstanoes taken up 
hj the plant during its growth. The presence of this 
mineral matter in plants is not accidental; it is the 
mineral food of the plant, and as necessary to its growth 
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as the other kinds of food we bave before noticed ; as 
ammonia, carbonic acid, &c, Tbis subject being a very 
important one in Agricultural Chemistry, will be cou- 
sidered in a fiiture cbapter, and tberefore need not be 
entered upon in tbis place. We alinde to it because tbe 
potaah in most caaes forma a large proportion of tbe 
mineral constituents of plants and trees, and consequentljr 
is Toimd in greatest abondanoe in tbeir asL For tbia 
reason potasb is a most essential material in all culti- 
vated soils. Tbe principal souroe of potaab is tbe mineral 
feispar. Tbis mineral, as we bave before noticed, occors 
in many rocks ; and bence is fonnd in soils. From tbis 
mineral potasb is slowly liberated by tbe action of tbe 
carbonic add of tbe air, wbicb renders it available for 
plantar by wbose roots it is absorbed. 

On buming tbe vegetable portion of wood, tbe potasb, 
amongst otber mineral substances contained in it, is 
left behind in tbe sbape of carbonate of potasb. From 
tbis source nearly all the varioos compouncU of tbe potasb 
of commerce are obtained. In countries wbere wood is of 
little value, as in Oanada» Husaia, and otber places, it is 
bumed in immense quantities for tbe sake of tbe ash. 
Tbis asb, by a simple process, is converted into tbe 
potashes of tbe sbops. Tbe same material partly purified 
is tbe pearl-asb : botb snbstanoes cimsist of impure car- 
bonate of potasb. 

In some parts of tbis ooontry tbe wood aabes are coUected 
and extracted witb water. Tbis extract is tecbnically 
called " lye," and is nsed to " soften** tbe water used in 
wasbing lin'en. It owes its virtiie to tbe carbonate of 
potasb it contains. Tbe carbonate of potasb in tbis lye, 
and from otber sonrces, bas a peculiar caustic taste and 
soapy feel ; it is '^ alkaline/' like tbe liquid ammonia 
and lime before described Substances possessed of tbis 
quality are caJled alkalies ; bence potasb is an alkali. 
Wben a Solution of carbonate of potasb, or wbat is tbe 
same tbing, tbe lye above noticed, is boiled witb caustio 
lime, and tbe mixture allowed to stand until tbe upper 
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portion is clear, a Solution of caustic potash is obtaiDed; 
This Solution, when strong, is a very corrosive liquid, 
capable of dissolviog skin, bair, and all animal matters. 
The soapy feeling experienced on tbe fingers when 
handling alkaline substances, as potash, soda, and in a 
less degree soap, is dne to a thin surface of skin being 
dissolved and removed by these alkalies. Oanstic potash 
in a dry state consists of the metal potassium and oxygen 
gas. Potassium is a bright silrery metal, so light tbat it 
swims upon water, and in so doing takes fire. One of 
the prettiest chemical experiments consists in displaying 
this propei*ty of potassium» 

Potassium is a most interesting substance aparfe 
from its connection with agriculture, inasmuch as it 
was the first of the light metals discovered at tbe be< 
ginning of the present Century by the distinguished 
chemist Sir Humphrey Davy. Before this period, no one 
conceived that a bright metal was concealed in potash 
er in soda. These substances are now called oxides of 
their respective metals — combinations of oxygen gas 
with pota^ium and sodium — and are considered strictly 
analogous to the rust or oxide of iron^ which contains 
the metal iron and oxygen gas. 

The nse of wood ashes as a manure will be spoken of 
amongst the other manures in a fnture chapter. 

Soda very much resembles potash. While potash is an 
abnndant mineral substance of land plants, soda occupies 
the same position with regard to marine plants or sea- 
weeds. These plants contain large quantities of soda : it 
seems to perform in them functions analogous to tbose 
performed by potash in land plants. 

On buming seaweeds, carbonate of soda is obtained ; a 
Salt closely analogous to carbonate of potash. This opera* 
tion is carried on at different parts of our coasts, where 
seaweeds are collected and burned. The resultin<; ash is 
called *' kelp :" it is largely consumed by the manufacturers 
of iodine, and also used in soap-making, glass-making, 
and other trades. Kelp was until comparatively lately 
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the only source from which carbonate of soda, or ivashing 
soda, and other salts of soda, were obtained. At tlie 
present timc carbonate of soda is obtained from common 
salt. The proper name of common salt is chloride of 
sodium, a familmr substance that fiimishes us with a fine 
example of chemical transformation. Common salt con- 
sists of tlie metal sodium (a metal aualogons to potassinm) 
oombined with a most poisonous gas called chlorine. 
Every 58 Ib. of common salt contain about 35 Ib. of this 
gas, which in a separate state possesses the following 
formidable characters : — it is a heavy green'KX>loured gas, 
possessing,when mixed with the air, a peculiar suffocating 
smell ; in an unmixed state it must not be inhaled, since 
it acts when breathed as a violent poison ; indeed, this 
sabstance is always carefully handled by the chemist, and 
alwaya prepared with much precaation. Yet this gas, 
of such ferocious qualities when uncombined, by union 
with sodium and other metals, becomes perfectly tarne 
and passive, loses all its poisonous properties, and in 
the Gase of common salt becomes a most useful and 
beneücial addition to our food. Such is one of the 
many extraordinary facts presented to us on all sides by 
Chemistry. 

It is in the shape of common salt that soda chiefly 
occurs in soils, and generally but in small quantity. Com- 
mon salt is often extoUed as a valuable general manure ; 
but however useful it may be for mangolds and a few 
other crops, or for destroying insects, its value as a general 
manure is very doubtful, at least in this country. On 
certain parts of the continent the use of salt is attended 
with decided improvement in the land ; but in this 
country instances of this sort are i^are. This may be ex- 
plained by the fact that most of our soils naturally con- 
tain enough salt for supplying the small quantity required 
by plants. The occurrence of salt in soils, often found on 
rocks entirely destitute of salt, is accounted for in the 
following manner. The rain is occasionally found to 
contain appreciable quantities of salt, derived from the 
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sea ; the spray and invi^ble particles of sea-water are 
oflen carried by bigh winds to great distances inland, 
where it ia slowly deposited. The resolts of carefal 
ezperiments, made with tbe Tiew of determining the 
amonut of aalt conveyed to the land in tbis manner, 
distinctly show that the aalt found in our soils is mainly 
derived from tbis sonrce. 

Phosphorus, — All the materiab we have described 
hitherto as belonging to, and forming part of, the soil, 
are coinbinations of metala with oxygen gas: — hence 
their proper name, metallic ozides. Two or three other 
Bubstanoes of another type must now be noticed, which 
resemble the metallic oxides in so far that they are 
also combinations of oxygen, and are conseqaently 
oxides, but differ from them in possessing, when in a 
separate or free state, properties altogether different and 
antagonistic to those we haye hitherto considered. These, 
it will be remembered, always possess, when soluble in 
water, a pecoliar caustic taste called " alkaline : " henoe 
they are called by chemists alkalies, and also bases. This 
latter term is applied to all Compounds of the same 
character, whether alkaline or not. Two or three znem- 
bers of another group of Compounds must now be noticed, 
whose oxides possess qualities the reverse of those belong« 
ing to bases or alkalies. They are sour Compounds, and 
caUed by chemists adds. Alkalies and acids are great 
antagonists, because, wheneyer tbey meet they fighb, so 
to speak, and deprive each other of their distinguishing 
properties; — ^they neutralize each other, and produce a 
new class of bodies called salts. We thought it proper to 
describe thus briefly the formation of a salt, to account for 
the circumstance that few acids or bases are ever found 
in a free state in nature : they all occur in the form of 
salts. MoreoTer, nearly all the constituents of soils exist 
in the shape of salts. 

Phosphorus when combined with oxygen forms phos* 
phoric acid. Phosphate of lime, phosphate of soda, 4&c., 
are all salts of phosphoric acid. 
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In the State of salts, phosphorus is oontained in nearly 
all soils, but ofteu in very minute quantities. 

In tbe shape of phosphate of lime, phosphorus oecnn 
in apatite, phosphorite, and the other minerals alladed to 
in a former chapter. The roots of plants take up phos- 
phoric acid from the aoil, and convey it to the different 
parts of their atracture. Phosphorus is always found in 
the cboioer parts of plants, as the grain of wheat, barley» 
d»:. ; in the bulbs of turnips» maugolds, &c ; in fact, in 
all vegetable produotions used as food for man and 
animals ; and is always found in largest quantity in those 
portions of the plant remarkable for their nourishing 
properties. We shall see presently that phosphorus, like 
nitrogen, is intimately connected with the nutritive value 
of feeding materials. 

From the combinations of phosphorus, present in 
small quantities in their food, animals obtain the phoa- 
phoric acid essential to the development of their bones. 
The bones of animals contain a large proportion of phos- 
phorus in the shape of phosphate of lime. Bones ara 
the source from which the greater part of the phos- 
phorus and Compounds of phosphorus of commerce are 
obtained. 

When bones are bumed, they first blacken, and shrink 
in bulk ; by longer buming, they are converted into a 
white ash. This ash is the mineral part of the bone : it 
consists chiefly of phosphate of lime. Ey suitable chemi- 
cal means, the phosphoric acid can be separated from the 
Hme, and from phosphoric acid phosphorus may be pre- 
pared. In a separate State, phosphorus is a yellowish 
semi-transparent solid, soft like wax, and possessed of a 
peculiar garlic-like smelL It is remarkable for being the 
most inflammiskble substance known, the least violence or 
&iction being sufficient to set it ou fire. On burning, 
it gives giving off clouds of white smoke. This smoke is 
phosphoric acid. 

The f act that a large amount of phosphorus is required 
by all crops^ and that it is naturaÜy present in the soil 
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only in small quantity, readily explains the reason wby 
the artificial addition of this substance is generally fol- 
lowed by an increase of produce. Pbosphorus is conveyed 
to the soil by employing pbosphatio manures, such as 
bone-dust, superphosphate of lime, <kc. 

Sulphur. — ^Tbe proper name of the substance commonly 
known as brimstone is sulphur. Oombined with other 
bodies, sulphur is invariably present in the soils of our 
fields. Thence it is collected by the roots of plants, in 
whose organism it perform s important functions, and, 
like phosphorus, is necessary to the development of those 
portions of plants which afterwards become the food of 
man and animals. Sulphur is found in large quantities, 
xnixed with earthy impurities, in the neighbourhood of 
volcanoes, and by a simple process is purified and pre- 
pared in the form usually imported into this country. It 
is also found in considerable quantities in the mineral 
iron pyrites. 

When sulphur is bumed, it combines witli the oxygen 
of the air, and forras sulphurous acid, the unpleasant- 
smelling gas generated on lighting lucifer matches. This 
sulphurous acid, by suitable means, can be converted into 
sulphuric acid, or oil of vitiiol. This Compound is pre- 
pared on a large scale in manufactories, where several 
thousand gallons are annually produced. 

Sulphur is an important article of commerce to this 
country, since, in the shape of oil of vitriol, it is indis- 
pensable in the carrying on of numerous trades and 
manufactures, and in an indirect manner is intimately 
connected with the processes of agriculture. Superphos- 
phate of lime, a manure which may be regarded as a 
necessity in the present System of cultivation, is prepared 
by the direct agency of sulphuric acid. 

Enormous quantities of sulphuric acid are annually 
<5onsumed in this manufacture alone. 

Chlorine and Fluorine, — Very little need be said of 
either of these substances, since chlorine has been before 
^mentioned, and the latter substance — fluorine — is not of 
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much interest in Agricultural Chemistry. Chlorine i» 
«liiefly met with in the form of common salt. In this 
form it exists in enormous qiiantities in the water of the 
sea, but is only sparingly distributed in the soil. In a 
separate state, chlorine seems to take no part in the 
eoonomy of nature. 

Fluorine is very much like chlorine, and occnrs in 
minute quantity in soils, combined with lime. It alsa 
exists as a mineral called fiuor spar. It is taken up by 
plants, and conveyed to the bodies of animals, where its 
chief use seems to be in forming the enaroel of teeth, and 
in smaller quantities is present in their bones. 

Classification of Soils. 

Of the substances above enumerated, by far the more 
abundant in all soils, are the four or five first in the list, 
viz. silica, alumina, lime, and organic matter ; next in 
quantity, are oxide of iron, magnesia ; then potash and 
soda ; finally, in very small quantities, phosphoric acid, 
sulphuric acid, and chlorine. These Statements apply to 
all sorts of soils : whether a soil be light or heavy, cal- 
<jareous or sandy, fertile or harren, its bulk is always 
made up by some of the six materials first named ; the 
otbers always form but a small proportion of the soil^ 
amoanting together seldom to more than a hundredth 
part of its weight. 

All the constituents described above, may be grouped 
into four divisions, and considered as belonging to, and 
forming part of, one or more of the four natural materials, 
which, arrauged in different proportions and distributed 
through various quantities of undecomposed fragments 
of rock or stones, make up the bulk of all soils. These 
four Compounds are familiarly known to us as sand, clay, 
lime, and organic or vegetable matter. An idea of the 
general composition of each of these four mechanicai con 
fitituents, as they are sometimes called, may be gathered 
from the following table : — 
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Sand may eontain— 

Süica, 
In small ( özide of Iron, 
quantity, ( Lime. 



In smaller 
quanUty, 



Clay may contain, — 

Silica, 

Alumina, 
^Lime, 

Potash, 
( Soda, 

Phosphoric Add,. 
^ Sulphuric Acid. 



Limestone or Calcareoiu 
Matter may eontain — 

Lime, 
( SiUca, 

Alumina, 

Oxide of Iron, 
\ Potaak, 

Soda, 

Phoephorio Aoid, 
^ Sulphuric Acid. 



In small 
qnantity, 



Organio Matter, er Decaying^ 
Vegetable and Animal Mat< 
ter, may eontain — 

Humus, 

Otker Vegetable Kemaina, 

Animal Kemains, 



In small qaantity, 
but in a ftne State 
of dlviskui, and 
wdl incorponted 
(the mineral con-( 
stituents of for- 
mer generatkms 
of Tegetables or 
crops). 



Silica, 
Potash, 
Soda, 

Phosphoric Acid, 
Sulphuric Acid, 
Chlorine. 



Accordiog to tbe preponderance of ono or more of 
these Compounds, soils are arranged in the follo\ring 
classes : — Vegetable monlds, claj soils, sandy soils, cal- 
careous soils, marlj soils, and loamy soils. 

Let US now briefly consider the leading characters of 
each of these classes of soils. 

Vegetable M(ndd8, — All soils that eontain a large 
quantity of vegetable matter, either in the shape of 
humus or otherwise, are included in this class. Here 
we find two distinct varieties of soils ; "m. fertile moulds 
and peaty or boggy soils. By a large quantity of vege- 
table matter is meant more than o or 6 per ceut.,'*' 
which is the quantity usually found in ordinary soils. 
In garden moulds there is generally about 9 to 10 per 

* In stating the quality of soils, we generally speak of their 
oomposition in one-hundred parts, or say so mnch per oent. of a 
«ubstance. 
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Cent, of organio matter ; in peatj and boggy soils, oflen 
as mnch as 70 per cent. Hence we see the amount 
of organic matter is no critenon of fertility. The 
saperior quality of garden mould, as oompared with the 
soiis of our fields, is due not so mnch to the organic 
matter or humns it contains, as to its finely-divided and 
well-worked condition, and the more complete mixture of 
its constituents. 

In boggy and peaty lands it is this excess of vegetable 
matter that renders them unproductive. Hence the proper 
course towards their improvement consists in em|doy* 
mg the most efficient means at our disposal for getting 
nd of or altering the condition of this vegetable matter : 
in most cases, buming, and the liberal nse of lime, will 
effect this object. 

Clay Saus. — Soils of this description are distingnished 
by their cold, dense qoalities, and are well known as 
" heavy soils," for the reason that the successful culti- 
vation of these soils can only be accomplished by the 
expenditnre of a great amount of laboor, strength, and 
Capital. We have already noticed, while speaking of 
alumina, the peculiar retentive quality of clay, and have 
remarked upon the usefulness of this property of clay, 
But in soils that consist almost entirely of clay, this 
quality becomes too much of a good thing, and con- 
stitutes the chief obstade that the tiller of clay soils 
has to encounter. For this reason, little can be done 
with clay soils until they are thoroughly drained. 

Another Operation, often found very successful in the 
reclamation of improductive clay land, is buming; 
Urning also is a yaluable means of bringing into cultiva- 
tion soils in which an excesäve quantity of clay is the 
cause of infertility. The subsequent treatment in the 
management of clay soils consbts in working them in 
as complete a manner and as often as the State of the 
ground will permit. 

With a great amount of labour and expense clay soils 

F 2 
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become exoeedingly fertile, and retam a good profit to 
the coltivator, sinoe thej reqiiire less in the shape of 
manure than most other kinds of soiL This is because 
zuany clays contaiii inexhaustible quantities of the 
mineral substanoes required bj plants, aud onlj require 
proper managemeut to yield thoae materials in an avail- 
able form. Hence clay soils are particularly adapted for 
the production of grain crops, especially wheat. 

Sandy 8oil$ are those that contain from 70 to 90 per 
Cent, of Band. They are distinguished by characters the 
reverae of those possessed by clay soils. They are light, 
porous, deficient in retaining moisture, they soon suffer 
from drought, and by heavy rains are deprived of the 
little valuable matter they may originally contain. The 
chief defect of these soils is this want of retentiveness^ 
which allows the rain and water to wash out the valuable 
portioDS of any manure that may have been aupplied) 
before the roots of the plants have had time to take 
up these substances. Hence the term "hungry/' ap* 
plied by famiers to this sort of soiL For this reason, 
if at all practicable, the manure should be added in small 
and frequent doses. It is for the same reason that the 
System of liquid manuring succeeds on soils of this de- 
scription« 

The improvement of such soils obviously consists in 
adding clay, marl, (fec., if such materials can be procured 
at a price at all consistent with the benefit they are likely 
to produca 

CaZca/reons, or Lime Soils, — ^This is a most exten- 
sive class of soilsy including soils of most diversified 
characters. To this class belong all soils in which 
carbonate of lime forms the greater part of the bulk, 
or that contain more than 20 per cent. of lime } bat 
since the rocks from which these soils are formed 
Vary most widely in their composition and physical 
characters, it foUows that soils of every degree of 
fertility are included in this division. lime soils are 
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generally light soils, and easy to work ; tlie greater 
number are poor thin soils; some of them, however, 
as those resting on tlie lower chalk formation, are ex- 
ceedingly good soils, and remarkable for their fertility. 

Ldme soils of all descriptions are particularly adapted 
for the growth of leguminous crops, as clover, pease, sain- 
foin, &c. Tbis latter plant is particularly fitted for tbin 
soils resting on limestone rocks, since it bas tbe power of 
sending its roots to great distances in tbe fissures of tbe 
rock, and extracting and bringing to tbe surface tbe 
fertilizing materials tbat tbe rock may contain. 

Marly soüs are tbose tbat consist of a mixture of clay 
and lime, and contain from 5 to 20 per cent. of lime, and 
wbose qualities are of course intermediate between clay 
and calcareous soils. Tbese soils are subdivided into 
clay marls, cbalk marls, sandy marls, && Marls of 
different kinds are offcen used as manures, and generally 
witb good resultd. Tbe efiects produced by marls are 
usnally more striking tban tbose wbicb follow tbe appli- 
cation of otber calcareous matters. Tbis superiority is 
mostly due to tbe pbospboric acid wbicb many marls 
contain. 

Locrniy soils are intimate mixtures of sand, clay, lime, 
and organic matter. Tbey are subdivided into clay loam^ 
Sandy loam, &c. Tbese are probably tbe riebest sorts of 
soils, next to tbe better sorts of vegetable moulds. like 
vegetable moulds, tbey contain a fair proportion of clay, 
sand, lime, &c., and tbe wbole in a fiiable well-mixed 
condition ; and it is to tbis fact tbat tbe superior quality 
of loamy soils is mainly due. 

In Order to convey a better idea of tbe composition of 
soils, we annex tbe foÜowing table, wbicb includes 
analyses of eacb class. 
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This classiBcation is usaally adopted in the description 
of cultivated boüs. The general composition of a soll, 
and its connection ynth one or other of the above classes, 
may in some measare be judged by examining it in the 
ordinary manner, by its oolour, texture, the characters 
of the stones it may contain, the quantity of oi^nic 
matter, &c, £ut to be able to speak positively on this 
subject, it is necessary to asoertaln the preeise composition 
of the seil. This can only be done by a chemical analysis. 
It is the bosiness of the analytical chemist to do this in 
such a manner that each constituent of the soil may be 
separated and its proportions determined. 

An approximate analysis of this sort is not difficult to 
make, and might perhaps be performed by any one so 
disposed ; but since a cl^mical aaalysis is of very little 
use «nie«, it is complete, that is to say, unless everything 
contained in the soil is separated, and the potash, phos- 
phoric acid, and other more valuable parts of the soil are 
accurately determined ; and as these Operations require 
znuch care even in the hands of an experienced chemist, 
we do not think it desirable to describe in any way the 
prooess for the chemical analysis of a soil. 

Another kind of analysis, often of great Service in 
judging of the capabilities of a soil, is called a mechani- 
cal analysis, and requires much less care and accuracy 
in its Performance than a chemical analysis. This 
kind of analysis has for its object the determination of 
tbe relative amounts of organic matter, sand, clay, and 
lime, and in many cases is all that is necessary to decide 
important qnestions in the praetical management of soils. 

The valne of chemical analysis in decidmg agricultural 
^estions is ofben very great, and in many cases at once 
determines whether a proposed scheme for improvement 
is calcnlated to succeed or not. For instance, in the im- 
portant question of subsoiling, we can at once learn 
ixrhether it is desirable or not to tum np the subsoil, by 
making a complete analysis of it : from the result of this 
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anal3'si3 we can decide lyhetlier its admixture wiih the 
surfacc-soil is likelj to produce improvement or injury. 
Subsoils often contain poisonous substances^ which, if 
tnrned up, will of course exercise an injurious effect upon 
the snrface-soil ; on the other band, valuable fertilizing 
materials t>fken lie hidden in the subsoil^ which might 
greatly enrich the surface. 

Again, the infertility of a soil is ofben explained by an 
analysis. The soil may be sufiiering from the want of some 
material indispensable to the growth of plants, or it may 
contain something poisonous to plants ; in either case 
Ohemistry is generally able to enlighten us, and to point 
otit the means for remedying the evil. 

Of a soil whose fertility is impaired, we can all pro- 
nounce that it wants manuring ; but with the assistance 
of an analysis we may also leam in what substance the soil 
is deficient in, or what kind of manure it wants. With 
this knowledge we may restore its fertility in the most 
economical manner, by supplying those materials only that 
are required, and leaving out sdl the other, in this case, 
«seleas materials, always preaent in Compound manures. 

By an analysis we may further ascertain whether a soil 
wants draining or not. 

Another question that often arises in the management 
of clay soils, and one that can be solved by analysis, is 
whether a clay may be improved by burning or not. In 
most cases this Operation is attended with the best results, 
the soil being benefited to an extent often equal to that 
produced by a large dose of manure : in such cases this 
expensive Operation can be advantageously employed, and 
the money spent upon it will be well laid out. But it 
sometimes happens that a clay cannot be improved by 
burning, because it contains no useful materials in a 
locked-up State, and, consequently, is unable to supply 
them by any amount or by any method of burning. Hence, 
in such a case, the Operation will be useless, and the 
money spent upon it wasted. Analysis will at once guide 
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HS in this matter : it will teil us whetber a clay will be 
improved by buming or not, and point out tbe proper 
method of buming clays, and tbe extent of improvement 
we may expect from it. 

Perbaps tbe most frequently occurring instanoe of 
practical beneüt conferred by Chemiatry upon agriculture 
is maniiested in tbe assistance it renders in connection 
witb tbe question of liming. Cbemistry t^ells us in tbe 
readiest manner wbetber a soil wants liming or not, and 
points out tbe best plan of proceeding, if it does. If, as 
often bappens, we bave a cboice of two or tbree sorts 
of lime at our disposal, it will also teil us wbicb sort is 
likely to produce tbe best effect. 

Limestones and marls vary most widely in tbeir fit« 
ness for use in tbis way; many of tbem contain an 
excessive amount of magnesia, and on tbis accoimt are 
dangerous to use. Otbers may contain appreciable 
qnantities of tbe valnable pbospborio acid. On all tbese 
points cbemical analysis will enligbten us. We may 
ascertain in a very ready manner if tbere is enougb 
lime in a soil as follows : — Place a little of tbe soil in a 
wine-glass, and add some muriatic acid (tbis acid is well 
known, and can easily be procured by tbe name of spirits 
of Salt). If tbe eartb now bubbles up or eflfervesces, we 
may assume tbat plenty of lime is present in tbe soil ; 
bat if no effect is perceptible, we may infer tbat tbe 
soil is deficient in lime. Tbe lime in soils usually occurs 
in tbe sbape of carbonate of lime : tbis, as we bave seen, 
consists of lime and carbonic acid gas in a fixed or solid 
State. On adding to tbis combination muriatic acid, tbe 
lime unites witb tbis acid, and liberates its former com- 
panion — carbonic acid. Tbis gas, in escaping from tbe 
mixture, gives rise to tbe bubbling up or effervescence; 
This test, it must be remembered, is but a very rougb one, 
and by no means conclusive as to tbe presence or absence 
of lime in a soil, yet it will often be found useful as a 
general test for lime. 
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CHAPTER IV. 

WATBB. 

All the different kinds of waters found in nature consist 
of real or pure water, oontaining different sorts and different 
quantities of animal, vegetable, and mineral impurities. 

Ohemically speaking, there is bat one sort of water, and 
tbis can be separated by suitable means from any descrip- 
tion of water, however impure it may be. The d»- 
tinguishing qnalities of rain water, spring water, mineral 
water, and sea water, and all otber kinds of water, are 
imparted by the foreign matters mixed with, or dissoived 
in this real or pnre water. Before describing the qnali- 
ties of pnre water, it will be well to consider the general 
properties of ordinary water, and its connection with the 
other matenals of the earth. 

Water is found in three states or oonditions : as a solid, 
in the form of ice ; liquid, as generally met with ; and as 
a yaponr, or in a gaseous form, as steam. In these two 
latter conditions, water is intimately connected with the 
€Conomy of nature, and especially with animal and Yege^ 
table life. Solid water, or ice, is comparatlTely tirdm- 
portant; yet even in this shape, or lather in its con- 
Version into this shape, water exerts a highly beneficial 
«ffect on our soils, as noticed in the preceding chapter. 
Although ice, or solid water, is seen only during a part of 
the year in this climate, it forms in the polar rej?ions 
penLient rocks lik« graste, limertone, or other minlnds. 
In warm or temperate climates, water is generally met 
with as a fluid ; in which condition it is intimately con- 
cerned in the Operations of organijzed life. In eveiy stage 
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oi the development of pla&ta, the presence of water is 
absolutelj necessary, and iu the various functions of animal 
life its presence is alike indispensable. In its more 
bulky oondition of steam, water is no less useful and 
essential in the Operations of nature. The vapour of water 
forms, as we have seen, an important constitnent of the 
atmosphere, and it is in the form of vapour, or, aa we 
shall call it, natural steam, that water givee rise to the 
beautiful phenomena of rain and dew. Before entering 
into any explanation of the manner in which these phe- 
nomena are produced from the vapour of water, it will be 
well to make ourselves acquainted with the general pro- 
perties of steam, and this we shall best do bj first direct« 
ing our attention to artificial steam, or that produced 
when water is exposed to £re. And here we may remark, 
that this artificial steam performs a no less important 
part in our artificial world of manu&cturing art, than 
doea the natund steam in the eoonomy of nature ; aince it 
supplies US with an unlimited source of strength, and 
enables us to perform tasks that would otherwise be 
ntterly impracticable, when made to exert its power 
through the medium of the steam-engine. 

When water is made to boil in a covered vessel, as in 
a teakettle, the water rises as steam, which quickly fills 
tlie Teasel, and in a short thne escapes from the spout, 
giviDg rise to a cloud of white vapour. Steam is nothing 
more or less than water in the shape of gas, which gas is 
ioYisible like the air. It must not be supposed that the 
white cloudy substance seen to iasue from the spout of a 
teakettle or the escape-pipe of a steam-engine, is steam : 
the white cloud is water in a finely-divided state, into 
which the steam is changed on Coming in contact with 
the colder atmosphere. These partides of fluid water 
being too small to exhibit the transparent appearance be- 
loDging to water in larger quantities, form a white opaque 
cload, just as glass, which is iisually transparent in 
masses, beoomes white like flour when flnely powdered« 
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We may satisfy onrseWes that sieam is really invisible; 
by noticmg that immediately at the orifice whenoe the 
steam issues, the white clond is not seen, it being only 
£:>nned when the steam becomes mixed with the sor- 
rounding air, or stiU better, by boihng some water in a 
gkss flask, when steam wiU rise from the mouth, while 
the interior is apparently empty. 

When a kettle or other venel containing water is made 
to boil over a fire, provided the steam can escape, it never 
gets hotter than the temperature of boiling water : this 
temperatore is found to be 212^ of Fahrenheit's ther- 
mometer. How is thisf We know that a vessel con- 
taining no water, under the same circnmstances, quickly 
gets much hotter, and soon becomes red-hot ; why does 
not the kettle and water become red-hot too ? Because 
all the heat that would make it red-hot combines 
with the water, which passed away as steam; and as 
long as any water is leffc, all the heat the kettle re- 
ceives will be disposed of in this way. Thus we may 
regard steam as water combined with heat. When water 
is converted in this manner into steam, it occapies 1,700 
times more space than it did when in the form of water. 
Further, if by any means this steam is deprived of its 
heat, the water retoms to its original shape, that of fluid 
water, and now occupies 1,700 times lese Space than it did 
when in the shape of steam : the steam is now said to be 
Condensed. Thu8,by condensation, invisible steam retum» 
to fluid water. It is on these simple facts that the pro- 
digious power of the steam-engine depends for its actiou. 
The steam-engine is merely a machine contrived to 
allow the above-named phenomena to display themselves. 
A very brief explanation of the source of motion in a 
steam-engine may not be uninteresting. A metal box is 
oonstructed, with a tight-fitting division that is capable 
of sliding from one end of the box to the other : thus the 
box is permanently divided into two portions, each portion 
diminishing or increasing in size as the division moves 
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■from one end of the box to tho other. The box we have 
described is Üie cy linder, as it in called, of tbe engine ; 
tbe tigbt-fittiag bot sliding divmon ia oalled tbe piston. 
This piston is Üie only part of tbe entire maobine that tb» 
steam pnta in motion; all tbe other parts of the engine 
sre contrivances for supplying steam to the cylinder at 
the proper time, or fbr communicating tbe motioa of tbe 
ptstoa to other parta of the m&cbine. Let us eee how 
tbe above properties of eteam canse the movement of tbe 
piston. 

Snppose tbe pston to be moved to one end or to the 
top of the cylinder, and tbe compartment marked A in 
tbe annexed engraving to be filled irith ateam, and tbat by 
soitable means this steam is rapidly Condensed, it will 
now occupy 1,700 ümes less Space ; or, to be lesa precise, 
ve may assume this compartment will snddenly become 
«mpty. Sappose again more steam ia admitted at the 
other end of tbe cylmder, or to that compartment marked 
£. By its pressisg with all its force on the npper side of 
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ihe pistoD, and there being nov nothing on the opposite 
side to oppoae its progress^ tbe piston is moTed forwards 
or downwardSy as the steam enteis and filla this portion 
of the cylinder. Oa this steam being in its tum Con- 
densed in the same manner, and more steam being 
admitted to the lower compartment, the piston ia moTed 
back again to its former position; and so by a repetition 
of these acts, the motion of the piston fcom one end of 
the cylinder to the other is maintained. 

Without entering into any explanation of the pro- 
digions power or strength of the steam-engine, we may 
remark that the foree with which the piston moves 
depends on the pressare of the steam employed, and the 
extent of sar&oe the piston exposes to the steam. The 
beanty of the steam-engine lies in the fiftot that its strength, 
however yast, is per£ectly mider controL 

Steam is formed at all other and mach lower tempeiar 
tures than that at which water boüs. Water exposed to 
the air, evaporates and becomes steam at all temperatores ; 
even ice and snow evaporate to a small extent. The 
rate of the evaporation, however, always foUows an 
invariable role : it is rapid in proportion to the tempera- 
ture ; slower, in proportion as the air is cold. "We 
have already seen that the atmosphere always contains 
water in this invisible or gaseoos condition, and that the 
amount of water present in the air depends npon the tem- 
peratnre of the earth and the atmosphere. 

The same laws of condensation affect the steam formed 
at these lower temperatures, as in the case of that pro- 
daced from boiling water j in either case a certain amomit 
of heat is reqnisite to preserve the water in the form of 
steam of corresponding density; and if by any means this 
heat is withdrawn, the water again separates as a fluid. 
These facts help to explain the phenomena of rain 
and dew. 

In hot, dry, sammer weather, the amoont of heat per- 
vading the air is very great, and a corresponding amomit 
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vi water is disaolved by tlds heat, or, in other words, a 
great deal of natural steam exists in the atmosphere. If 
Buch air comes in contact ifith any ocdder object, it is 
cooled down, and no-w, being deprived of a portion of its 
heaty it is no longer able to retain all the water it beld in 
Solution ; so that a portion of tbis water is Condensed, or 
deposited in a liquid form upon the cold object. This 
deposition of fluid water upon anj solid object we call 
dew. We may produce dew at pleasure by exposing any 
cold object to warn and moist «p. When a glass of cdd 
spring water is exposed to the air in summer time, a 
copious deposit of dew is soon formed on the outside of the 
glassy produced from the steam in the air being Condensed 
by the cold glass in the manner above described. The 
same thing takes place when we breathe upon a looking- 
glass or polished metallic sur&ce ; the water dissolved in 
cur breath in thL<3 case, fumishes the fluid water or dew 
that is deposited on the glass or other cold surfeice. 

In the same manner, on a larger scale, water is 
deposited on the cool surfaoes of the leaves of plants and 
other objects at the earth's surlace, giving rise to the 
pearly dvaps of dew. 

During the day, every object exposed to the sun 
becomes heated ; on the departure of the sun, in the 
evening, these objects begin to lose the heat they have 
absorbed during the day : it flies off or radiates in all 
directions, until, on their becoming cooler than the sur- 
lonnding sar, dew begins to fall, or, in other words, the 
steam of the air is Condensed on the colder surfaces of the 
objects exposed to it. 

And here we must notice another beautiful natural 
law that regulates the deposition of dew, and prevents 
its being wasted on objects that can make no use of it, 
and thus reserves a larger quantity for growing Tege- 
tables, which eagerly drink it in, and appropriate the 
refreshing dew. We must all have noticed that grass 
and herbage are often wet with dew, while the earthy sur* 
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face of paths and roads is still dry. Tbis is bocause dew 
IS always deposited first and in greatest abundance on 
those objects wbich cool first. The leaves of plants 
belong to tbis ckss of bodies : they soon get bot ou ex- 
posure to tbe beat of tbe sun, and as soon get cold again 
wben tbe sun goes down. With eartby mateiials, as stones, 
gravel, and seil, tbe case is very different : tbese snb- 
stanoes are slow to receive beat or to become warm ; but 
wben warm» are as slow in cooling. HeDce tbese objects 
retain tbe beat of tbe day tili late in tbe evening, and 
receive bat little, if any, of tbe fiailling dew. 

Wben a body of warm air, containing a great deal of 
moistm*e or natural steam, comes in contact witb anotber 
body of colder air, some of tbe steam is Condensed and 
separated, as in tbe formation of dew ; but as in tbis case 
tbere is no solid object to receive tbe particles of liquid 
water, it remains wbere separated in tbe sbape of minute 
wbite globules, and forma wbat we call mists or fogs. 
In cold weatber, every breatb we exhale forms in tbis 
xnanner a little cloud of wbite vapour : wben we breatbe 
on a cold glass, tbe water of our breatb separates in dew ; 
but wben we breatbe into cold air, it separates in tbe 
form of mist. 

Wben a larger quantity of water is separated in tbe 
•same manner, at a higber elevation, Üie particles of 
water collect in drops, and rain is formed, wbicb, in falling 
to tbe eartb, removes tbe dust and otber extraneous 
matters floating in tbe air ; tbus at tbe same time puii- 
fying and deansing tbe atmospbere and eniicbing tbe 
eartb. 

Tbe quantity of rain tbat falls in different localities 
varies exceedingly, being influenced by tbe pbysical 
ebaracter of tbe district, as well as by certain general 
laws. Tbe cbief of tbese laws is wbat we migbt infer 
from tbe above Statements ; viz. tbat tbe amount of rain 
is greater in bot climates than in temperate and cold 
ones. It is often a matter of interest to ascertain tbe 



WATER. 81 

qaantity of rain that falls in a particalar spot. This is 
done by means of an instrument calied a rain-gauge. It 
is simply a vessel for receiving the rain from a giveu 
extent of surface, and preventing its loss by evaporation 
until xueasured in a cylindrical glass, whose divisions 
mdicate the amount of rain that bas fallen in the space 
exposed by the gauge. The amount of rain measured 
in this way is generally stated in inches; so that in 
reading results of this amount, vre are to understand that 
a quantity of rain has fallen that would cover the eotire 
surface of the ground to the depth stated. 

In tbis country the average annual fall of rain is about 
28 incbes. This quantity varies in different seasons and 
in different parts of England, being greater on the west 
side of the island than on the east. At London the 
average fall of rain during the year is about 22 inches ; 
at Liverpool 33 inches. The quantity of rain becomes 
larger as we approach the equator, and in parts of 
the East Indies the quantity of i'ain during the twelve- 
month is as much as 190 inches, or nearly 16 feet. In 
this and other temperate climates the fall of rain is 
pretty evenly distributed throughout the year, but in 
tropica! climates the rain falls during periodical wet 
seasons, in the intervals of which, with the exception of 
occasional storms and hurricanes, dry weather can be de- 
pended on. The observance of atmospheric phenomena, 
constituting the science of meteorology, is a matter ofben 
too little valued by persona generally : this is the mom 
to he regretted, as it seems probable that by cultivation 
tbis science is capable of imparting valuable practical 
Information as to the future State of the weather. 

The water of dews and rain is the purest sort of water 
met with in nature ; but even this contains impurities, — 
foreign matters the rain-^irops have coUected in their 
passage through the air. Some of these impurities have 
been already noticed as substances useful to Vegetation. 

Of course the rain that falls in the neighbourhood of 
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large towns cannot be induded in the above Statement ; 
as the atmosphere of these plaoes is loaded with smoke 
and otber abominations, it foUows, that the rain falling 
in these localities must be very remote from anything 
like purity. 

By imitating the formation of dew, or by oondensiog 
steam in vessels where the newly-fonned liquid water 
has no opportnnity of meeting with foreign matters that 
can contaminate it, we obtain pnre water. Whenever 
steam is Condensed under these circumstances, the re- 
Bulting water is free firom all solid imporities. 

This Operation is called distillation, and is carried on in 
yessels called " stills/' — the same kind of vessel used for 
the distillation of spirits, and for other porposes in the 
arts. The water obtained by this prooess is called dis- 
tilled or pnre water. It is distinguiiäied by the fbllowing 
characters : — In appearance it is much brighter and 
clearer, and more transparent than water as generally 
fottnd in natore; it possesses a slight smell and im- 
pleasant taste, or rather its absence of taste prodnces 
an unpleasant Sensation in the moutL Further, it leaves 
no residue or crust of solid matter when evaporated. 
This pure or real water is the basis of all natural waters, 
as before stated. We oan imitate any kind of natural 
water (as sea water or mineral water) by adding to dis- 
tilled water the solid substances fonnd by analysis to be 
present in the water we wish to imitate. 

Distilled or pure water is largely used in analytical 
chemistry, in medieine, and for Photographie and other 
purposes, where even the slightest impurities of drinking- 
water would seriously interfere with its use for these 
purposes. 

Let US now proceed to make ourselves acquainted with 
the chemical characters of this pure water, and ascertain 
its composition and its behayiour towards other substances. 

For a long time no one conceived that water contained 
anything diäerent from itsel^ or, in other words^ was a 
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Compound snbstance ; bat sach has been found to be the 
case. This discovery was made by the distinguisbed 
chemist Cavendisb, who at tbe close of the last centuiy 
demonstrated that water is composed of two gases, called 
respectively ozygen and hydrogen. One of these gases 
we have sJready described, and wonld remind the reader 
that 8 Ib. of every 9 Ib. of water consist of the ever-present 
oxygen ; the ninth part of water consists of hydrogen^ 
whose properties we will now briefly consider. 

Hydrogen gas is inyidble and colourless like the air, 
and, as nsnally prepared, possesses a slight odour. The 
most remarkable property of hydrogen is its extreme 
lightness : it is about foorteen times lighter than the air, 
and conseqnently is the lightest snbstance known. 

Hydrogen differs from all the gases we haye so far 
described, by being inflammable : it takes fire when a 
light is applied to it, and bums with a pale yellow flame, 
scarcely yisible in the daylight, but of intense heat. 

Hydrogen is an abundant material of the globe, but is 
never found in a free or uncombined state. As a fluid, 
we have seen it forms a ninth part by weight of all the 
water of the globe ; and in a solid form it occurs in 
considerable proportions in animals and yegetables. In 
the diy snbstance of hay, roots, wheat, d^c., about 6 Ib. of 
eveiy hundred pounds consist of hydrogen. In food of all 
descriptions hydrogen is also present, as weU as in tallow, 
oil, wood, coal, and otber materiahs used for fuel. 

We have mentioned as one of the properties of hydro- 
gen, its inflammability. Whenever hydlrogen is bumed, 
it is undergoing rapid ozidation, or combination with 
oxygen, in a manner predsely analogous to that described 
whüe speaking of carbon and carbonic acid gas. The 
lesolt of this combination is water, which is always found 
wherever hydrogen is bumed. Hydrogen is generally the 
companion of carbon in all its adventures throughout the 
STtifidal and natural Operations going on around us. For 
uistance, in combustion^ respiration, decay, and the growth 
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of plants, Ilydrogen and carbon are always found in Com- 
pany, and performing the same kind of purpose. The com- 
bustion of hydrogen is accompanied by tbe pbenomena of 
fiame ; all the fiames usually met with, as those of onr 
£res, candles, or lamps, are prodaoed from the rapid 
oxidation of hydrogen. 

Thus our breath oontains water as well as carbonic 
acid gas, and, like carbonic aeid, is produced by the coin- 
bination of the materials of our food with the oxygen of the 
air we inhale. The combination of hydrogen with oxygen 
in our lungs is also attended with the liberation of heat : 
this heat, with that resulting from the formation of 
carbonic acid, sustains the proper warmth of our bodies. 
The presence of water in our breath may be shown by 
blowing through a glass tube ; the water is Condensed as 
dew, and soon collects in drops and trickles down the 
eides of the tube. 

By means of a powerful current of electricity, water 
may be separated into its constituent gases, oxygen and 
hydrogen. The quantity of hydrogen produced is always 
twice as much by measure as that of the oxygen. Hence 
we leam that two measures of hydrogen are combined 
with one measure of oxygen to form water. This de- 
composition of water by electricity is one of the most 
beautiful chemical experiments. 

To decompose water, we have always to employ powerful 
chemical agents. This is because the gases are held 
together so firmly as to resist all ordinary means of 
Separation. Yet, difficult as the Operation is to us, with 
all the appliances of science, the same Operation is con- 
stantly going on in the leaves of the humblest plant. 
Plants decompose water as well as other still more 
powerful mineral combinations, as sulphuric acid, phos- 
phoric acid, carbonic acid, <&c, in the cells of their leaves. 
From the water decomposed in this manner plants derive 
the hydrogen, which, as above stated, forms a considerable 
portion of their substance. 
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Pure water can also be forraed by buming together its 
constituent gases, oxygen and hydrogen, in the proportion 
above named. If this mixture is made to bum slowly 
by a suitable apparatus, a flame of intense heat is obtained, 
called the oxybydrogen blowpipe-flame ; if, on the con- 
trary, any quantity of the mixture is lighted, it explodes 
with feai^l violence : hence this mixture is called explo- 
sive gas. The produetiou of a Compound in this manner, 
by pntting together its constituents, is called synthesis ; 
the reverse of this process, or the taking apart, is the 
more common chemical Operation called analysis. When 
a Compound like water, for instance, will admit of its 
composition being demonstrated by both thcse Operations, 
its composition is established with the greatest certainty. 
In this manner we can imitate the production of most 
mineral products ; but organic substances, or those of 
animal or -vegetable origin, cannot be produced in this 
manner. We can analyze them, or take their constituents 
apart with comparative ease, but all attempts to put 
these constituents together again, with the cxpectation 
of reproducing the original Compound, will utterly fail. 
This constitutes an important distinction between organic 
and mineral substances. 

Another property of water must now be noticed, which, 
although not strictly a chemical quality, is yet more than 
a mechanical one : we allude to the solvent power of 
water, or its property of taking up and dissolving other 
substances, When we mix salt or sugar with water, it 
dissolves, and soon entirely disappears. The sweet taste 
of the sugar or saline taste of the salt is transferred to 
the water, which is now said to be a Solution of the sugar 
or salt. 

In this way a large number of substances can be dis- 
solved in water to a greater or less extent. Sugar and 
Salt are eanily-soluble substances, because a small quantity 
of water is sufficient to dissolve a considerable bulk of 
either ; but many of the substances that are soluble in 
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water axe but difficoIÜy solttble, a small quantity onlj 
being diasolved by a lacge quantity of water. It is tbu 
solvent power of water that prevents it being found in 
a pore State in natura Even the rain-drops in fftlling 
througb the air meet with oertain soluble substances, and 
dissolve tbem : bence lain water, altbougb the purest 
kind of natural water, yet contains substances di^lved 
in it. Again, the rain water, in Boaking through the 
earth, meets with minend matters, some of whüch are 
dissolved and carried away. Thus the water of streams 
and rivers always contains some of the soluble matters of 
the ground through which it has passed. 

\Vhen cbalk or earth ia mixed with a oonsiderable 
quantity of water, the bulk of the solid soon settles to 
the bottom, but the liquid remains muddy; and even 
after standing some time, the water is still £ur from dear. 
The £ne particles mizdd with or suspended in the 
water in this manner, must not be confounded with 
substances that are dissolved in it. When solid matter 
is merely mixed with or suspended in water, it cas 
be separated from the water by long standing or by 
filtering; on the contraxy, a solid when dissolved in 
water will never sattle by standing, neither can it be 
separated by straining, because it passes through the 
finest pores of the filtering materiaJ, and will be carried 
wherever the water can penetrate. Moreover, solid par- 
tides, when merely suspended in water, can always be 
recognized by our sight,— -even when their quantity is 
minute, they are indicated by a muddiness or want of 
transparency in the water ; whereas, solids that are dis- 
solved in water do not in the least interfsre with its 
transparency and brightness. 

It is in the chaxacter of a solvent, that the value of 
water in relation to oiganic life is most displayed. As 
we shall leam when inquiring into the structure of plante 
it is by means of this property of water that plants are 
supplied with a large proportion of the materiala requisite 
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for tbeir growtb. In the bodies of animals it is alao by 
means cf tbis property . of water that tbe nourisbing 
solids of tbe food are conveyed to every part ot tbe 
animal f rame. 

To continue tbe above-mentioned familiär example of 
solntion ; — ^if "we evaporate or boü away iintil none is 
left, tbe water to wbicb salt bas been added, tbe salt will 
be recovered in precisely tbe same condition as before 
dissolving in tbe water. In tbe same manner, all natural 
waters leave bebind, wben evaporated to dryness, as tbis 
process is called, tbe solids tbey bad dissolved. We may 
avail ourselves of tbis faßt to ascertain in a rougb manner 
the relative purity of different sorts of natural water. 
We can apply tbis test by evaporating two or tbree drops 
of tbe water to be tested on a slip of window-glass, or a 
bit of tin plate, bolding it over a lamp or candle in tbe 
Position sbown in tbe engraving. Tbe water is soon 
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volatilizedy and leaves bebind all tlie solid impurities it 
contained. These are left as a crust or residne on the 
glass, which is of course abundant in proportion as the 
water is impure. Pure or distilled water, tested in this 
way, will be found to leave no residue j rain water will 
leave very little, river water still more ; spring water 
generallj yet more than the waters of streams or wells ; 
while sea water will leave the largest quantity of solid 
matter. By this test we may satisfy ourselves that clear- 
ness and transparency are no criterion of the purity of 
water. In this manner we can jadge of the amount of 
solid matters dissolved in water, and of course leam 
aomething respecting its character or quaJity. 

Hain water, river water, and sea water, and some other 
sorts of natm^l waters, difier greatly in their qualities; 
The two former can generally be used for domestic 
pnrposes, while sea water is always totally unfit for 
drinking in all parts of the world. The water of Springs 
varies considerably in difierent localities. This is because 
the rocks and strata through which spring water passes 
Vary most widely in the quantity and quality of the 
solnble matters they contidn. If a stream of water finds 
a Channel through a bed of rock or mineral containing 
some particular soluble substance in large quantity, the 
water dissolves the substance and partakes of its qualities. 
In thi8 way the various mineral ^«iters are formed. 

Water can also dissolve gases as well as solids : the 
refreshing taste of spring water, and, in a less degree, 
of other kinds of natund waters, is due to the gase» 
dissolved in them. These gases found dissolved in water 
are generally carbonic acid gas and the gases of the atme- 
sphere. Other gases are occasionally found in spring 
water, which impart to it peculiar qualities. For in- 
stance, the water of Harrogate is impregnated with an 
offensive gas called sulphuretted hydrogen. The prevail- 
ing gas found dissolved in spring water is carbonic acid 
gas ; and it is somewhat stränge that this gas, although 
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iDJurious to animals when inhaled, seems to exert a 
contrary effect when taken into the stomach ; being at 
least harmless, if not beneficial, when received in this^ 
manner. 

We swallow large quantities of carbonic acid dissolved 
in the beer we drink. The freshness of recently-drawn 
beer is due to the carbonic acid it contains : bottled beer, 
Champagne, and other effervescing drinks, contain a large 
quantity of carbonic acid dissolved in them. On libera- 
tion fr cm the closed bottles where these liquid s are con- 
fined, a part of this gas escapes, and gives rise to the 
bubbling np or effervescence. 

On boiling, the gases dissolved in water are expelled. 
It is for this reason that water that has been boiled is- 
flat and insipid to the taste ; for the same reason, 
distilled, or pure water, is actually unpleasant to the 
taste. 

Water also dissolves organic matter of animal and 
vegetable origin. The green colour of the stagnant water 
of ponds and ditches is due to substances of this kiud in 
different stages of putre&ction ; and as these impuritie» 
are generaily accompanied by others still more offensive, 
as funguses, animalcola, <&c., water of this sort is wholly 
unfit for domestic purposes. 

We will now enumerate the more interesting properties 
of each of the common kinds of water. 

Main watet is, as we have said, the purest sort of 
natural water, and if collected in an open district, in a 
clean vessel, before it comes in contact with the roofs of 
houses, or other sources of contamination, it is nearly 
pure water, and contains only those foreign matters that 
are found floating in the air. Amongst these substances,, 
the salts of ammonia, before mentioned, are important. 
It is to the presence of these salts, added to the uniform 
and gradual distribution of water of the same tempera- 
ture of the air, that the refreshing efiect of rain on^ 
growing plants must be ascribed. 
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The uxUer qfitreama and rwen contains a great many 
Bttbstances in Solution, ooUected from the soil tbrongh 
which it has soaked ; and the qoalities of this kind of 
water will, of oourse, be influenced by the character of the 
land throYigh which it has drained. Tke water of streams 
and rivers is occasionally found more or leas mudd y, and 
containing solid matter sospended in it. This mud is 
the üner particles of the soil, washed up and carried away, 
from the land over which it has flowed : on standing, these 
solid particles are again deposited. In thie way we can 
to some extent aocount for the good effects generally 
Seen to follow ^e flooding of land by water, either natn- 
rally, as on the banks of rivers subject to inundation, or 
artificially, by the process of irrigation. But the deposi- 
tion of mud is not sofficient to accoant for the striking 
improvement ofken observed in land that has been 
exposed to the action of water. Water acts in this way 
chiefly through the substanoes dissolved in it. These 
will senerally be the salts of lime, potash, phosphoric 
acid, Bulphutic add, and other minJial mat^ that are 
known to promote the growth of plants. As it is known 
that earth, especially clay, is capable of extracting from 
water any fertilizing salts it may contain in Solution, and 
as many natural waters contain appreciable quantities of 
these Bolids dissolved in them, we can in this way accoant, 
to a great extent at least, for the increased fertility con- 
sequent on the flooding of land by water. Again, an 
important mechanical äfect is exerted by water in large 
quantities upon land. 

By Saturation with water, the ground will be Consoli- 
dated, and its particles become better incorporated, so that 
on the withdrawal of the water a looae soil will be lefb in 
a better mechanical condition than it was before the wato: 
was admitted. Again, the air will now penetrate more 
freely to all the cavities of the soil vacated by the water, 
and will act more vigorously in decomposing the orgaziic 
•and mineral substances there present; thus rendering 



available a more copious supplj of food to the growing 
plants. The fact of timber aad other organic matters 
decaying moBt n^idly when altematelj immersed in 
water and ezposed to the air, may help to explain this 
elSect of water in the prooess of irzigation. 

Eain water and river water are generally " soft '* waters ; 
that is to say, thej oontain nothing that interferes with 
iheir use in wasbing. When soap is used in soft water, 
the soap dissolves in the water, and exeroises its cleansing 
effect in the foUowing manner : — ^Soap is a weak combi- 
nation of fiaitty matter, generaily tallow with some alkali, 
as soda. On dissolving in water, the alkali of the soap, 
in virtue of the propertj already noticed as common 
to all alkalies, dissolves the animal matter of the dirt, 
and at l^e same time a thin sorface of the skin to which 
the foreign matters are attached : the violent action of 
the alkaU is subdued and modified by the fatty matter 
also present. 

Spring vxUer generally oontains a larger quantity of 
mineral matters than the aboTO-named kinds of water ; 
it also contains more gases dissolved in it. The pre- 
vailing solid of spring water is lime, or more properly, 
carbonate of lime; and the gas with which spring 
water is usually impregnated, and which gives rise to 
its sparkling appearance and pleasant taste, is carbouic 
acid gas. 

It is this Urne dissolved in spring water that renders it 
^^hard^ and unfit for wasbing. When hard water is 
used with soap, the lime absorbs the soap as fast as it 
dissolves, and forms with it an insoluble Compound, in 
which the soap is onable to exert its ordinary detergent 
properties. Hard water can only be made soft by re- 
moving the lime that it contains. This can generally be 
done — 1. By exposure for a considerable time to the air ; 
2. by boiHng ; 3. by adding soda, or rather carbonate 
of soda ; 4. by adding lime-water, or caastic lime dis- 
solved in water. Before we can understand how the 
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"water is "softened" by these meaos, we must state more 
precisely the cause of the " hardness." 

It will be remembered that carbonate of lime^ orchalk, 
is insüluble in water : it separates from water as soon as 
foriijed, as in the experiment for sbowing the presence of 
carbonic acid in the breath. 

If, however, more carbonic acid is added to the water 
than will form chalk with the lime, the chalk now redis- 
solves in the water. We may convince ourselves of this 
fact by extending the experiment above referred to. If 
the carbonic acid produced by limestone or marble is made 
to pass through lime-water, it first forms the white milky 
particles of chalk, but if allowed to pass through for seine 
time after the chalk is formed, the chalk dissolves again— 
it disappears, and the liquid becomes clear. Thus we 
leam that water containing an excess of carbonic acid 
gas is capable of dissolving a solid substance that is other- 
wise insoluble ; in the same manner many other insoluble 
Compounds are rendered soluble by carbonic acid. This 
property of water impregnated with carbonic add is 
especially deserring of notice, as it is intimately cod- 
cerned in the Bupply of several of the mineral-food consti- 
tuents to plants, and will be referred to in a followiDg 
ehapter. 

On boillug the clear Solution of chalk obtained by tbe 
above experiment, the excess of carbonic acid is expelled, 
and the chalk again separated in an insoluble form, or is 
precipitated, as chemists say. Most hard waters contain 
chalk dissolved in this manner by carbonic acid. When 
they are boiled, this gas is expelled, and the chalk ia 
separated. In this way is explained the deposition of 
ealcareous matter in our teakettles aud the boilers of steam- 
engines : whenever spring water is boiled, an incrustation 
is generally deposited from this cause. The same effect 
takes place more slowly when the water is exposed to the 
air : the excess of carbonic acid gas escapes, and tbe 
carbonate of lime is separated. 
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The softening of bard water bj the addition of lime 

(lidiculous as it may at first seem to add lime to water 

already bard from tbe presence of tbis material) maj be 

explained as foUows : — ^Tbe caiistic lime added takes up 

the excess of carbonic acid gas wbicb keeps tbe carbonate 

of lime in solation, to form niore carbonate of lime ; tbis, 

with that originally present in the water, is now separated, 

and settles by standing. This meaus of sofbeoing water 

can only be cautiously employed, since the addition of too 

much lime does more barm tban good ; it is, boweTer» 

with proper care, a valuable means of softening water, and 

is extensively adopted on a lars^e scfile. These means 

of softening water can only be employed when, as ja 

more commonly the case, the bardness of the water is 

dne to the presence of carbonate of lime. Hard water 

is occasionally found in wbicb sulpbate of lime, or 

plaster of Paris, is the cause of this qoality. In this 

case, the use of some alkali like potash or soda is tbe 

only remedy : the addition of these substances in all 

cases greatly facilitates the action of the soap. Hence 

the practice of adding pearl-ash or soda to water in 

washing. 

Spring water that contains in Solution substances that 
reiider them un£t for domestic use, constitute the mineral 
and medical Springs. Of these the chalybeate Springs ^re 
most common : they contain the protoxide of iron above 
described. Others contain sulpbate of magnesia, sulphate 
of soda, &c ; and a few contain substances valuable as 
medicines. 

Well waiers vary in quality between spring and river 
water. While some wells are supplied by natural Springs^ 
the greater number receive their water from the drainage 
of the surrounding soil. From the stagnant condition of 
well water, it is generally of inferior quality to that of 
rivers or streams, and is often unwbolesome, or even 
poisonous, from the presence of a large quantity of fungi, 
animalcula, <&c., bred from the putrefying animal and 



' 



94 AOEICULTURAL CHEXISTRT. 

vegetable matten whicb the water of wells often con- 
tains in greater or less quantity. The water of weUs, 
especially io towns, is ofben rendered unfit for domestic 
use by tbe sewage finding its way into the wells. 
For this reason, in sinking welk, especial care shotdd be 
taken that a proper distance intenrenes between them 
and the drains from stables, dweUing^hooses, and all other 
sonrces likely to contaminate the water of the well. 
Well water, and that from other sonrces, often owes the 
greater part of its impnrities to the solid matters floating 
or suspended in it. In these cases, filters may be nsed 
with great advantage ; but it must be recollected that 
filters are powerless in removing any kind of impniities 
dissolved in the water. 

Sea toctUr differs from all other sorts in being totallj 
unfit for domestic purpose^ and by the large amonnt of 
soluble matters it containa Of these, we idl know that 
common salt is the most abnndant : 1,000 Ib. of sea 
water contain about 35 Ib. of solid matter ; and of this 
qnantity 27 Ib. are common salt. A great number of 
other soluble snbstances exist in sea water ; in flEtct, the 
sea is the common receptacle for all the soluble matters 
of the globe. Water, in the shape of vapour, is constantly 
rising from the sur&ce of the sea^ and is carried over the 
land by the clouds ; these, sooner or later, discharge this 
water in the shape of rain, and this, in its passage back 
to the sea by streams and rivers, bears with it a quantity 
of soluble matter, derived from the soil throngh which it 
has drained. 

Kotwithstanding the water of the sea is so impure, it 
may be purified by distillation. A knowledge of this fact 
might have saved numbers of persons from intolerable 
suffering, and even death from thirst, when deprived 
of fresh water at sea. A distilling apparatus might 
be coustructed by almost any one on an emergency from 
a teakettle, or other vessel of the sort; and the only 
limit to the quantity of dnnkable water that could now 
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be obtained would depend on the amount of oombustible 
material at command. 

Water is decidedly one of the most valuable of Natare's 
giffcs : it not only contributes to our bappiness and com- 
fort in so many different ways, bat is intimately associated 
with our veiy existence. 

In every atage of the productiön of every sort of agri- 
cnltural prodnce, water plays an important part : in the 
germination of seeds, the subsequent growth of the plants, 
the development of their seeds and bulbs, the presence of 
water is absolutely necessary. In ordinaiy articles of 
diet, water forms a proportion surprisingly laige to per- 
sons unaccnstomed to chemical wonders. In raw meat, 
78 Ib. of every 100 Ib. are water ; potatoes contain 
72 per cent. of water; in cattle-food, a still larger 
qnantity (in Swedes, for ezample, there is 88 per cent. of 
water, while in white turnips, the proportion of water is 
often as high as 91 per cent., or 9 Ib. only of real food in 
100 Ib. of tumips). After these Statements, we may not 
be sorprised to hear that the greater part of our own 
bodies consists of water : a man weighing 154 Ib. con- 
tains 116 Ib. of water and 38 Ib. of dry substance. 



CHAPTER V. 

CHBMISTBY OF THE PLANT. 

Kaving now made ourselves acquainted with the com- 
Position of the soil, of the air, and of water, the sources 
whence plants derive the materials of their growth, let 
TIS trace the formation, from these materials, of the pro- 
ducts of vegetable life, particularly those which constitute 
the food of man and animals. When a growing plant is 
removed from the soil and exposed to the sun and wind. 



96 AQBICULTTTRAL CHEMISTBT. 

it quickly droops, \rithers, and finally ehrinks up to a 
much smaller bulk and weight than it possessed wheu 
recently gathered. Tliis loss of substance is due to the 
«vaporation of the water, vbich, as before hinted, forms 
so large a proportion of all living vegetables. Again, if 
tbis diminished substance of the plant left after drying is 
«xposed to fire, nearlj all of it burus away or disappears, 
leaving nothing behind but a little ash or mineral matter. 
The portion of the plant that sufiers destruction by 
burning is called the organic part, because it consists of 
various Compounds produced by the process of vegetable 
growth, from materials supplied from some of the sources 
aboye mentioned. The constituents of thiä organic part 
of the plants are carbon, hydrogen, oxygen, with small 
quantities of nitrogen. By heating, these materials pass 
off as smoke and invisible gases : hence the disappearanoe 
of the greater part of the plant on buming. These 
materials exist in the plant, grouped together in all sorts 
•of positions and proportions, giving rise to the numerous 
substances of vegetable origin we see around us. Wood, 
starch, sugar, fat, linen, cotton, and a multitude of other 
equally well-known materials, consist of nothing but the 
three former of these elements, in each case dififerently 
arranged. The fourth constituent, nitrogen, occurs 
chiefly in the choicer parts of plants, — the seeds, and 
other parts of their structure most valuable as feeding 
materials. 

The ash lefb on buming plants consists of the mineral 
substances extractcd from the soil during their growth ; 
and these, not being volatilized by heat, are left behind 
after the vegetable matter is consumed. This portion of 
the plant is called the mineral or inorganic part of it, 
and consists of nearly all the materials described as be- 
longing to the soil. The general composition of plants, 
that is, their proportion of water, organic matter, and 
ash, will be understood by a glance at the following 
table : — 
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GENERAL COMPOSITION OF VEGETABLE PEODÜCE. 

(Stated in one-hundred parts.) 

WHE AT. TUENIPS. CABBAGBL 

Orain. ßtraw. White. Swedish. 

Water 12*26 14*23 90*43 89*46 86*28 

Organic or combustible mat-1 
ter : consistiDff of carbon, l _, ._ -„ „« ^ ^, 

bydrogen, oxygen. nitro- f 85*99 78*30 8*95 032 11-85 

gen J 

Asb, ormineral matter; con-*^ 
sisting of nearly aU the l ,.,- y..- .g^ ,.., 

constituents found in the f * '* ' *' °^ * °- * ^^ 

soü J 



100*00 100*00 100.00 100*00 100-00 

For a long time no notice was taken of this small 
quantity of ash lefb on burning plants ; no ooe supposed 
that it was in any way essential to the structure of the 
plant, or had taken any part in its development. TJntil 
comparatively recently, the impression concerning the ash 
of plants seemed to be that it consisted of mineral sab- 
stances accidentally conveyed to the plant from the soil. 
This, however, is not the case. We now know that this 
ash, or the mineral constituents of plants, although smaller 
in quantity, is nevertheless as important, or even more so, 
than the more abundant organic or vegetable portions of 
the plant ; that their presence is not accidental, but neces- 
sary to the formation and the existence of the vegetable 
productions in which they are found. Hence the Separation 
of the constituents of plants into organic and mineral 
groups is altogether an iniaginary division, and made only 
to suit our convenience in studying their composition. It 
must be recoUected that no such division exists in nature, 
both mineral and organic substances being equally indis- 
pensable to the development and to the identity of the 
several vegetable Compounds of which the plant is built 
up; that, in short, vegetables, or more strictly the 
organic principles of vegetables, are combinations of large 

H 
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quantit^es of oertain constituents of the air and of water 
with small quautities of the mineral Compounds of the 
soll. 

That the ash or mineral constituents of plants is reallj 
essential to their growth, and not, as formerly supposed, 
merely of accidental occurrence, is established by the 
foUowing facts : — 

1. The Proportion of ash or inorganic materia]s,altfaoagh 
subject to slight rariations that need not be accoanted for 
here, is generally constant in the same kind of plant^ and 
in the various parts of the same plant. 

2. That while certain mineral substances are conimon 
to several families of plants, their amoont and relative 
Proportion vary with each tribe of plants ; or, in other 
words; particular inoiganic materials predominate in parti- 
cular tribes of plants. For instance, in the cereal crops, as 
wheat, barley, oats, &c., the prevailing mineral consists of 
silica. Again, in plants of the pea tribe, or legnminous 
plants, as clever, pease, beans, Äc, lime is the predomi- 
nating mineral constituent. 

3. These differences in the oompodtion of the ash of 
plants are not materially affected by the character of the 
seil on which the plants have grown. To oontinue these 
examples, the wheat plant is always found to contaiii 
a large proporüon of silica, althoc^h it may have been 
raised on a lime soil, and the clover or pea will also contain 
large proportions of lime, even when grown on a sandy or 
clay soil. On this fact is based the Classification adopted 
for cultivated plants, in which they are arranged in groups, 
named after the prevailing constituent of their ash ; and 
called silica plants, Hme plants, potash plants, &c, 

4. Since each tribe of plants requires more particularly 
a certain kind and a certain quantity of min^:al matters 
for its development, it Ls clear that unless a soil is capable of 
Aimishing these materials in sufiicient quantity, this tribe 
of plants will not flourish upon it ; and if the soil is. whollj 
destitute of the particular mineral substances required by 
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ihe plants, they refase to grow, or, at least, ta come to 
perfection. 

These remarks will be better understood by a careful 
examinatioa of the following table :•— 



COMPOSITION OF THE ASH OF 

WHEAT. CLOVER. 

Pota»h 12-14 29-97 24928 

Soda -60 3-90 3-039 

Magnesia 2*74 12-30 12176 

Lime 6.23 3-40 34-908 

Phosphoric acid 5*43 46-00 7*352 

Sulphuric acid 3-88 '33 3-718 

Siüca 67-88 3-35 1-313 

Peroxide of iron '74 '79 1 '470 

Chloride of sodium -22 -09 11-096 

Chloride of potassium .... — — — 

Cai'bonic acid. ..•.. — — — 



99-66 100-00 
Percentage of ash in dry. . 6*02 1*93 



100-000 
10-63 



SWEDISH 

TURNIP8. 

Bulbs. 

36-98 
6-76 
3-61 

11-14 
9-74 

1243 
3-48 
1-09 
7-85 
•59 
6-38 

100-00 
6-91 



The mineral constituents of the ash, and the carbon, 
hydrogen, oxygen, and nitrogen of the organic portion, are 
Said to be the ultimate pnnciples of plaaits, because these 
are the fundamental constituents of all plants, into which 
they can be separated by chemical analysis. These mate- 
rials, existing in the plant, are not endowed with the 
same properties as we find them possessed of when forming 
part of the atmosphere, of water, or of the soil from 
which they have been derived. All their individual pro- 
perties are put aside, and by the functions of vegetable 
life they are arranged together in new forms, possessing 
new properties, altogether distinct from those of any of 
their combinations we have hitherto described. These Com- 
pounds are called the proximate principles of plants, and 
they constitute the natural materials of which all plants 
are formed. The vegetable productions used as food for 

H 2 
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man and animals are to be regarded as mixtures of those 
proximate principles. In order that we may clearly un- 
derstand the difference between the ultimate and proxi- 
mate principles of plants, and the füll meaning of the 
latter term (a distinction that is very ueoessary to be 
understood), let us mention an example. The bulk of all 
plants consists of woody fibre ; this woody fibre, or simply 
wood, is the same substance, whether it occurs in close 
masses, as in the stems of trees, or as fibrous threads in the 
stems of smaller plants — the flax-plant, for instance. In this 
latter form we call it ßax, and when manufactured, linen. 
In the former case we call it timber of various sorts ; but 
from whatever source derived, this woody fibre, when 
separated from foreign substances with which it is always 
naturally mixed, possesses the same qualities, and is 
ohemically identical. Woody fibre is one of the most 
abundant of the proximate principles of plants. If we 
further examine this substance and subject it to other 
more powerful means of Separation, we find it to consist of 
carbon, hydrogen, and oxygen, with a small quantity of 
mineral matter, or ash. These are its ultimate constituents. 
Of the same character, but in less abundance, we find 
hosts of other Compounds in the vegetable world ; but 
luckily for us, the number of them essen tially concerned in 
the vegetable productions used as feeding materials is not 
large. While nearly every tribe and variety of plants 
contain some principle peculiar to itself, which gives rise 
to the distinguishing characteristics of its produce, they 
also contain a number of other principles common to all 
plants. Compounds of the former class generally consti- 
tute but a minute proportion of the substance of the 
plant, and may be omitted in all practical considerations ; 
the latter kind are those of which its bulk and weight 
consist, and by which its value as a feeding material is 
regulated. 

The number of proximate principles to which we need 
direct our attention is about twelve or fourteen. These 
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are diyided into twoclasses : — 1. Principles which consist 
of the three elements, carbon, hydrogen, and oxygen 
(excliisive of the small quantity of ash), as in the above- 
mentioned example, woody fibre. These are called non- 
nitrogenous or carbonaceous Compounds, and with one or 
two exceptions, are also called respiratory, heat-giving, 
or fat-producing substances, on acconnt of the part they 
perform in the animal organism. 2. Principles which 
contain, in addition to the elements just mcntioned, 
nitrogen, as well as smaller quantities of the rarer mineral 
substances phosphorus and sulphur. These Compounds 
are called nitrogenous, sanguineous, or flesh-formiDg prin- 
ciples^ on account of the important office they perform in 
relation to animal life. 

Non-nitrogenous, Heat-givingy and Fa/t^oduciTig 

Frindples of Planta, 

The Compounds belonging to the group of non-nitro- 
genous and &t-giving principles, to which we need direct 
our attention, are the foUowing : — 

Lignine or vsoody fibre has already been noticed. It is 
hy far the most abundant of vegetable products, as it 
forms the bulk of most plants ; in wheat, oats, grass, and 
all cultivated crops, it is more or less abundant. Woody 
fibre, in a matured state, is useless as a feeding material ; 
it simply passes unchanged through the animal System, 
and in the case of our domestic animals forms the chief 
bulk of their solid excrements : hence the amount of this 
substance materially affects the value of feeding materials. 
The imperfectly-formed woody matter, as it exists in 
young plants and in the succulent portions of older ones, 
is digestible in the stomachs of animals, and seems to be 
nearly as useful to them as the other members of this 
group. As it is found that the proportion of indigestible 
Woody fibre greatly increases as the plants reach maturity, 
ve can^ to some extent, account for the superior value of 
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hay that has been cat early, in comparison with haj 
made from plauts that have been allowed t-o arrive at a 
more advanced period of their growth. 

Storch forms a con&dderable portion of fiour and meal 
of eveiy sort j it also occurs in potatoes, carrots, and other 
roots. Sago, tapioca, arrowroot, ^c, consist almost en- 
tirely of starch. In a dry state, starch forms white 
glistening particles, which, when examined under the 
microscope, present the appearance of little groups of 
knobs or Clusters of irregularly-shaped bodies. Starch is 
insoluble in cold water ; by heating, starch is converted 
into a sort of gom called dextnne. This substance is at 
present manufactnred on a large scale, and has nearly 
superseded the iise of the natural gum arabic. 

Suga/r is present in the juice of most plants, and in 
particular plants, as the sugar-cane, maple-tree, and beet, 
occurs in a quantity suffident to admit of its profitable 
extraction. Of the plants usually cultivated, sugar occurs 
in largest quantity in the carrot, mangold, Swede, and 
turnip. 

Guiriy MiLcüage, PecUn, are all more or less abundant 
in cultivated produce, and possess several properties in 
common. Mucilage occurs in particular seeds, as in 
linseed ; the gelatinous mass obtained on mixing linseed 
meal or linseed cake with water, is caused by the mucilage 
of the seed. 

Oil or fatty matter is found in the seeds of many 
plants, as linseed, rapeseed, &c. These seeds, even when 
deprived of the greater portion of their oil by pressure, still 
retain enough of this substance to render them useM as 
a feeding material : the various oilcakes used for fattening 
cattle consist of seeds in this condition. These several 
substances possess many properties in common, and with 
*,he exception of indigestible woody fibre, seem to be of 
nearly equal value in the animal organism. 

Of these Compounds, the greater part of the dry sub- 
stance of vegetable productions used for food consists, and 
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when received into tbe animal System, they become tbe 
fuel before noticed as necessary for sustainiBg the animal 
heat in the process of respiration. It will be remembered 
that the breath of animals effects the combination between 
combustible materials in the blood and the oxygen of 
the atmosphere ; and as in this process a certain amount 
of heat is liberated, the animal heat requisite for the 
animal fiinctions is kept up. These combnstible materials» 
which may with great propriety be called animal fuel, 
are the starch, sugar, oil, Ac, in food. The greater 
portion of the food consamed by animals is reqoired 
simply for the parpose of supplying heat to the body by 
tindergoing oxidation in the lungs. The produets of thia 
oxidation are the same as if these materials had been 
btumed ; in erther case, carbonic acid gas and water are 
formed, which, in the case of animals, pass off in the breath 
exhaled. Thus the chief part of the food taken into the 
animal System is disposed of through the lungs, and its 
coDstituents are retumed to the atmosphere, in the same 
condition as before being manufssictured by the plants. 
When a larger quantity of this kind of food is taken by an 
animal than is reqnired to snstain the proper heat of its 
body, the excess is stored up in the shape of fat. Thus an 
animal confined in a small Space and taking no exercise, 
becomes fat, from the formation of this material from the 
food that would otherwise be consumed by exertion. 
All of these respiratory Compounds can thus be converted 
in the animal organism into fat, but with different 
degrees of fecility : the nearer these substances approach 
tothe character of fat, the ^ooner and readier they become 
fat when digested by an animal. For this reason, vege- 
table fats and oils are found most conducive to the for- 
mation of fat, when consumed by animals. This we can 
easily understand. We should naturally expect that the 
conversion of linseed oil, for instance, into animal fat, 
would be a simpler process than the production of the 
«uue material from sugar or starcL In this way is 
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explained the superior efficacy of the different oilcakes, 
compared with otber kinds of food in the fattening of 
cattle. On the contrary, when the quantity of respi- 
ratory Compounds is deficient in the blood of animals, 
either from insnfficient food being supplied, or, what 
amounts to the same thing, inability to digest the food 
taken into the stomach, the animal System sufiers from 
want of heat, and cold is feit ; the warmth required 
for the proper maintenance of the animal functions is 
wantiog, and the health more or less interfered with. 
Moreover, unless a due amount of combustible matter is 
present in the lungs for the oxygen of the air to act npon, 
the surfaces of the lungs are themselves wasted by the 
oxygen of the air. As the heat of the body is in direct 
Proportion to the quantity of respiratory Compounds con- 
aumed in the lungs, and as a certain amount of heat is 
necessary for the proper Performance of the functions 
of the animal System, it is clear that a healthy animal 
will require more heat, and consequently more food, in 
cold weather than in warm weather. In the same man- 
ner may be explained the well-known fact that animals 
exposed to cold winds oonsume more food than when 
sheltered. 

Thus we may conclude that the members of this i^oup^ 
of organic comjounds, when used as food, act eifchir by 
supplying the animal System with warmth, or by furnish- 
ing matei-ial for the formation of fat, but are unable to 
impart nourishment, in the proper sense of the word : 
they are incapable of restoring the waste the body under- 
goes by exertion, or of supplying material for building 
up the bones, muscles, nerves, and other parts of the ani- 
mal frame. For this reason they do not of themselves 
constitute wholesome food. An animal fed on these 
materials only, quickly perishes for the want of th< 



Nitrogemyua or FhahrformiTig Principles of Planta. 
As already mentioned. the nitrogenoua principles o£ 
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plants constitute the smaller and choicei* portion of all 
vegetable substances nsed for food. These Compounds 
differ from the preceding ones in having a less simple 
coQiposition. They contain, in addition to carbon, hydro- 
gen, and oxjgen, nitrogen, as well as smaller quantities 
of the rarer mineral substances sulphur and phosphorus. 
They all closely resemble in character the animal sub- 
stance called aJbumen, or white of egg, — hence they are 
sometimes called albuminous Compounds ; and, from the 
fact of their being the more valuable principle of food, 
or that portion of it that supplies animals with the 
materials of which their blood, flesh, and structure are 
made, these Compounds derive their more common 
name of flesh-forming principles. The names of these 
Compounds are, vegetable albumen, vegetable casein, 
gluten or vegetable fibrine, and legumine. 

When wheaten flour is moistened and made into a dough, 
and washed and kneaded in a stream of water, the starch,. 
that forms a large proportion of flour, is carried away by 
the water, while an elastic, stringy mass remains. Thi& 
is gluten, or animal fibrine, and may be accepted as a good 
example of all the Compounds of this class. Vegetable 
albumen is found in the juice of cabbage and other pro- 
duce, and resembles the white of egg. Legumine is a 
peculiar Compound^ found in pease, beans, clover, and 
other leguminous plants, and is closely allied to the 
cheesy matter or casein of milk. All these Compounds 
resemble one another most intimately, and possess 
several properties in common, and may be regarded 
as equally valuable in the animal economy. For this 
reasou some chemists regard them as modifications of 
one principle, which they call protein. Hence another 
name by which these bodies are known,— protein Com- 
pounds. 

We annex a table showing the proportion s of these 
substances in several kinds of vegetable produce. 
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PROPOKTION OF FLESH-FORMING PBINCIPIiES AND 

WATEB IN FOOD. 

GivTKtt Ann Watbr 
(in one Imzidred parts). 

Wbeaten bread 6 45 

Wheat (whole grain) 12 16 

Bran (outer and inner skins) 16 13 

Fineflour 10 14 

Oatmeal 18 -— 

Beans 25 12 

Rice 44 12 

Potatoes 2 75 

LeanBeef 19 78 

Cbeese 29-45 86-61 

Gabbage 4^ 86 

Turnips 14 90 

Carrots 6 87 

In tbe bodies of animals, substances corresponding to 
«acli of these vegetable prindples are foand : they are 
called fibrine, albamen, casein, &c, For a long time these 
substances were regarded as peculiar animal producta, — 
combinations exclusively foimd in tbe animal System ; but 
such is not tbe case. It is now known tbat animals re- 
ceive tbese prindples ready formed in tbeir food, and tbat 
they are in all cases prepared in tbe first instance by 
plante. In tbe ca^ of b^ivoroos animals, or yegetabli. 
feeders, tbe class to wbicb most of our domestic animals 
belong, tbese Compounds are extracted from tbe food by 
digestion and otber processes, and conveyed to tbe blood. 

Tbe numerous products peculiar to tbe bodies of 
animals, — as gelatine, — ^tbe substance of skin, tendons, tbe 
organic portion of bones, <fec. ; bile, — ^tbe cbief agent in tbe 
process of digestion ; and otber animal substances, are all 
formed from tbe breaking up or Separation into simpler 
Compounds, of tbe primary combinations supplied by 
Tegetables. In tbe case of camivorous animals, tbese 
Compounds are simply transferred from tbe flesb of tbe 
animals consumed as food to tbe blood of tbe consumer. 
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Hence the process of digestion and assimilation is in tbis 
class of animals comparatively simple. 

Since it is from these nitrogenons materials that the 
bodies of animals are built up and strengthened, it follows 
that the nutritive value of food, as far as its power of 
forming flesh is concemed, depends on the amount of 
those substances it contains, provided, of course^ they 
e^t in a condition that will admit of appropriation 
by the digestive organs of the animal that receives this 
food. In the human System, the most nourishing kind of 
food is generally well-cooked meat, or the flesh of animals 
in a State that will admit of ready digestion. This 
contains all the nutritive principles, as well as the respi- 
ratory material, in the shape of fat, in a concentrated, 
compact form; and in this State food is more easily 
assimilated by the blood than when conveyed to it in the 
shape of a bulky vegetable article of consumption. 

As it is exclusively from the aJbuminous materials that 
the muscles and tissues, wasted by exertion and exercise, 
can be renovated and strengthened, it follows that the 
greater the amount of exertion or work an animal under- 
goes, the larger must be the quantity of these substances 
that must be given to an animal in order to sustain its 
condition. 

If by any means the quantity of albuminous matters in 
the food is inadequate to make good the material ex- 
bausted by labour, the animal frame suflers waste and 
emaciation. For this reason, working horses require com 
and beans in proportion to the labour they undergo ; and 
if from neglect or otherwise these materials are withheld, 
or other less-nutritive mixtures substituted, the health 
and stamina of the animals will inevitably be impaired. 
In young growing animals, the proportion of these ma- 
terials in the food must be still larger ; since, in addition 
to material for supplying the waste by exertion, as in the 
case of the adult animal, a further quantity is requisite for 
bnüding up the rapidly increasing organs oftheir structure. 
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Again, in the case of animals whose system is exhaasted 
by the prodaction of any particular secretion, as for in- 
stanco in milch-cowa, the food supplied mnst contain 
sufficient nitrogenous matter to fumish material for milk, 
in addition to that required by the ordinary waste of the 
body. 

At the same time it must be remembered that the 
more yaluable nitrogenous or flesh-forming principles^ 
like the simpler ones before noticed, are equally unable 
of themselves to support animal life. A due mixture of 
the two sorts of Compounds is the kind of food intended 
by Kature to support the health and strength of animals ; 
and for this reason we cannot expect that a departiire 
from this arrangement can be persisted in for any length 
of time without endangering the life of an animal 

DETAILBB COMPOSITION OF VEGETABLE PEODUCE. 

{StcUed in one-hundred parts.) 

WHEAT. TURNIPB. CABBAGE. 

/• ^ ^/ " ^ 

' «Orain. Stnw. White. Swedish. 

Water 12-26 14*23 90.43 80-46 86-28 

Flesh.fonning: constitaents .. ir64 1*79 1'14 1*44 4-75 

^S^el'*!:?!°^!'^f.!?!':} ^"^ ***<^ *•** ^'^ 7-^* 

Woody fibre(indi^tibie).... S'6i 45*45 2*34 2*54 — 

Inorganic matters (asb) 1*75 7*47 '62 • ro3 1-87 

100*00 100*00 100-00 100-00 100-0» 

Structure o/Flcmts. 

Having described the products of vegetable life that 
take part in the nourishment of animals, let us now 
inquire into their production, and endeavour to ascertain 
how they are formed in the organism of the plant from 
the materials at its disposal. These, as we are already 
aware, are the constituents of the soil, of water^ and of 
the atmosphere. 

It will be necessary, first, to briefly consider the general 
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stracture of plants, as described by vegetable physiologists. 
Planta essentially consist of the root^ stem, and leaves. 
The roots and fibres ramify in every cürection in the soll, 
as the branches and leaves do in the air : the stem con- 
nects these two Systems of organs. The substance of a 
plant — the greater part of its roots, stems, and leaves — 
consists of minute tubes or pipes for carrying the sap to 
every part of the structure. The stem is thus a bündle of 
parallel tubes, some of which convey the sap from the 
roots to the leaves, others retum the sap from the leaves 
back again towards the root. The extremities of the 
roots terminate in soft spongy organs, füll of minute pores 
or openings, which are too small to allow of anything but 
liquids or gases passing through them : consequently solid 
matter cannot enter otherwise than in Solution. 

Through these pores, at the extremities of the roots^ 
water and the substances dissolved in it are constantly 
absorbed, and conveyed through the inner portion of the 
stem to the leaves, where, by numberless small vessels, it 
is spread out over a large sur£Etce to the action of the air 
and light. Here the chemical changes take place that 
give rise to the production of the organic Compounds 
above described. The sap containing these manufactured 
materials next passes downwards by the outer layer of 
tubes, or that which in trees is called the bark, and deposits 
the materials prepared in the leaf in the various organs 
of the plant. 

Thus the leaf is the most important part of the whole 
plant, the organ more directly concerned in the produc- 
tion of the different kinds of organic principles. The 
sorface of the leaf is covered by a multitude of pores 
or openings. Through these pores gases are constantly 
passing ; carbonic acid gas of the aii* is absorbed ; water 
in the shape of vapour is evaporating. It is chiefly this 
«vaporation of water from the leaf that gives rise to the 
circulating motion of the sap. 

The water constantly evaporating from the surfaces of 
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the leaves of plants, is supplied throngh their roots and 
stems from tbe moist soll. If this eTaporation from the 
leaves is more rapid than can be supplied by tbe roots» 
tbe leaves droop, — ^an effect oonstantlj seen daring tbe 
bettest, parts of a summer's daj. Tbe same tbing takes 
place wben a plant is separated from its root^ and tbis 
the more rapidly as the surronnding air is warm and dry. 
We avail ourselves of tbis circumstance wben boeing 
weeds daring tbe bot sunsbine : tbe weeds» wben deprived 
of tbeir roots, or removed from tbe meist seil, quickly 
wither and perisb. Again, a flower plücked from its 
stem soon droops and loses its beauty, from tbis loss of 
water ; but if we place its stem in water, some of tbis 
water is siicked up, and supfdies tbe evaporation from tbe 
flower ; so tbat its fresbness is preserved for a mncb longer 
period. 

Tbe water tbat is tbns oonstantlj passing up tbrongb 
tbe stems of plants wiU, of course, carry witb it tbe snb- 
stances it bolds in Solution ; and since tbese substances 
cannot evaporate witb tbe water, tbey will be lefb bebind 
in tbe organs of tbe plant : in tbis way tbe mineral food 
of pliuats is supplied. Every solid found in tbe plant must 
bave entered in tbis manner tbrougb openings at tbe 
extremities of tbe roots, being, as before stated, too small 
to allow of tbe passage of any insoluble particles, bowever 
small tbey may be. But amongst tbe mineral or asb 
constituents of plants before enumerated, it will be noticed 
tbat several of tbem are insoluble in water ; for instance,. 
pbospbate of lime, silica, &c, How, it may be aske«^ 
do tbese substances und tbeir way into tbe plant ? In 
desciibmg the solvent power of natural water, we re- 
marked tbat water containing carbonic acid gas in Solution 
is far more active as a solvent for solids tban water alone. 
We mentioned an experiment for sbowing tbat tbe in- 
soluble carbonate of Urne, or cbalk, is made soluble by tbis 
means. In tbe same manner tbe more yaluable pbospbate 
of lime is to a less extent soluble in water containing car- 
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bonio »cid. Tbe water retained in the substance of the 
soll, eonstituting its moisture, is always impregnated with 
carbonic add gas, derived from the decaying vegetable 
matter, and also from the atmosphere. In this condition, 
water can dissolre the otherwise insoluble combinations 
of phosphoric acid and other difELcultly soluble salts re* 
qtdred by plants. 

The organic portion of plants consists, as we have seen^ 
of carbon, hydrogen, oxygen, and nitrogen. We will now 
consider the souroes from which plants derive these mate* 
rials. The greater portion of their bulk — ^the carbon — ^is 
deriyed from the carbonic acid gas of the air. As before 
hinted, plants absorb this gas by their leaves from the air, 
as well as by their roots when dissolved in water. Erom 
whichever source derived, on exposure to the snnlight in 
tbe Organs of the leaf, this gas is decomposed^and separated 
iuto free oxygen and carbon. This latt^ substance is 
retained, and by the same agency combined with the water 
also present, and formed into various non-nitrogenous 
Compounds. All these compoands may be regarded as 
combioations of carbon with water, the oxygen and 
hydrogen contained in them beiDg generally present in 
the proportions in which they exist in water. Thus from 
water plants obtain the hydrogen and oxygen, which with 
carbon, are the only materials they require to produce all 
the non-nitrogenous or starchy Compounds. This decom- 
Position of carboxdc acid, and its sabsequent oombination 
with the elements <^ water in the organs of the leaves of 
plants, is effected in a mysterious manner by the agency of 
snnlight. We infer this» because it is known that plants 
can only perf^rm this Operation by daylight, and vigorously 
only during direct sundbine ; but of the manner in which 
the light acts in breaking up these powerful combinations, 
we are utterly ignorant ; and this matter becomes still 
more mysterious when we leam that the more compli- 
cated albuminous or fle^-forming principles are formed in 
the same manner by the agency of light. In these com- 
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pouuds, nitrogen and the mmeral sub&tances sulphur and 
phoBphorus are present, in addition to the carbon, 
bydrogen, and oxygen of the simpler heat-giving Com- 
pounds. The former of these materials are obtained by 
the plant respectively &om ammonia, sulphoric acid, and 
phosphoric acid ; so that each of these powerful mineral 
combinations has to be decomposed; and their con- 
stituents, with those of carbonic add and water, re- 
arranged in complex groups, that constitute the gluten, 
casein, and other nitrogenous principles of food. When 
we leam that these marvellous transformations are 
effected by the agency of sunlight, we perceive how much 
we are indebted for our heaJth, happiness^ and evcn 
ezistence, to the glorious sunshine. 

The nitrogen required by plants for the production of 
their more valuable albuminous principles, is obtained 
either from ammonia, siippHed by some of the means 
enumerated while speaking of the atmosphere, or from 
nitric acid, or some other form of combined nitrogen. 

The question naturally occurs to us : Why do not 
plants obtain the nitrogen they require from the free 
nitrogen of the atmosphere ? It is because plants, not- 
withstanding the wonderful synthetical power, or the 
ability of putting together, they possess in their leaves, 
iure imable to overcome the natural disinclination of 
nitrogen, in a free State, to enter into combination with 
other bodies. It seems probable that plants do not 
appropriate the nitrogen from the air, all the nitrogen 
they require being supplied from ammonia, or some other 
form of combined nitrogen. Why the supply of nitrogen 
to plants should be thus restricted, we cannot surmise ; 
we only know that it is so, and may satisfy ourselves that 
it has been so arranged for a wise purpose. 

To some extent we can imagine the difierent state of 
things that would exist in the absence of this arrange- 
ment. Ammonia, apart from its connection with the 
«Ibuminous or flesh-forming principles of plants, exercises 
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a stimulating effect on their entire organism, helping 
tbem to digest or appropriate the other kinds of organic 
and mineral food required for their development. For this 
purpose, a small quantity of ammonia is provided for the 
use of plaDts by nature. Bat if we supply to plants a 
larger quantity of ammonia in the shape of manure, we 
must also Bupply the other kinds of food, especially the 
znineral food, at a proportionate rate. In this case the 
stimulative efifect of ammonia resolves itself into a 
more rapid growth or a higher stage of development, and 
in the case of some cultivated plants we are enabled by 
this means to get a larger crop than we should otherwise. 
I^ on the contrajy, the mineral food of plants is not 
fpresent in quantity proportionate to the ammonia supplied, 
a deformed growth resalts ; the due proportion between 
the several organs of the plant is upset ; the leaves attain 
a monstrous size at the expense of the root or of the 
seeds. This effect would probably foUow an unlimited 
snpply of ammonia, or what amounts to the same thing, 
of nitrogen that could be assimilated. We may assume 
this as a reason why the nitrogen of the air is endowed 
with properties that unfit it for appropriation in the 
vegetable economy. 

TfaiiB we perceive that plants have been appointed to 
prepare from simple inorganic Compounds, as carbonic 
acid, ammonia, water, phosphoric acid, &a, the complex 
materials required to nourish the bodies of animals. 
These manufactured products, if we may so term tbem, 
when received into the animal system, become, on the 
one hand, the fuel that, by its combustion in the lungs, 
produces the requisite animal warmth, while others con- 
stitate the new material that is to replace the substance 
of every part of the body worn away and diminished 
by exercise and exertion. 

In the bodies of animals, the reverse of this action pre- 
vails. The Compounds received in the food commence a 
series of downward changes, resulting in the reconversion 

I 
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of their constdtuents into tbeir nonnal and simpler com- 
binations. The respiratory principles of the food — ^tbe 
materials aboye named as tbe animal fael — are consnmed 
in tbe lungs^ and are at once retomed to tbe atmospbere 
as carbonic acid gas and water, wbile tbe more complicated 
flesb-forming materials» after baving performed tbeir 
appointed office in strengtbening and invigorating the 
animal frame, are in tbeir tarn expelled finom the system 
in simpler combinations, vbicb, by spontaneous changes, 
quickly retum to the forma tbey occnpied before being 
appropriated by tbe plants. 

Thus we perceive bow plants provide feod for animak 
Animals do tbe same for plants ; and in eitber case life h 
SQstained by the Operation. Botb classes of beings aie 
thus dependent on one anotber for existence. 



CHAPTER VI. 

UEANS OF BESTORING THE IMPAIRED FEBTIUTT OF LA5P 
E3CHAUSTED BT CULTIVATED CBOFS, Ain> OF IHPBOVI>'& 
LAin> NATX7BALLT INFERTILE. 

Exhaustion of the Soil hy Ctdtivation, 

We are now prepared to inquire into tbe changes the 
soil undergoes in ministering to the growth of plants, 
and shall be able to understand tbe causes of its be- 
Coming exhausted. Planta, as we have seen, derive 
from the atmospbere and from water but a small num- 
ber of the materials required for tbeir growth ; or, to 
be more precise, tbey only obtain from these sources 
carbon, hydrogen, oxygen, and a little nitrogen ; ali 
the mineral substanceSi and the greater part of the 
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rdtrogen they require in the prcwiuction. of the sevcral 
organic Compounds deacribed in tbe preceding chaptei% 
must be supplied hy tbe seil. Since eveiy plant tbns 
contains a certain amount of material derived from tbe 
seil in wbicb it has grown, it follows tbat tbis soll 
must in all cases sustain a corresponding loss by ita 
growtb. Hence, fit)ni every cultivated crop tbe soil sus- 
tains a loss proportionate to tbe abundance and ricbness 
of tbe pxx)duoe ; bowever fertile or prolific of tbese 
materials tbe soil may be, it must sooner or later sbow 
Symptoms of exbaustion, or inability to supply a due 
amount of material for tbe bealtby growtb of plants, 
if a succession of crops are raised upon it, and no equiva* 
lent retumed to tbe soil in tbe sbape of manure. 

Tbese Observation» apply only to tbose crops, or parts 

of crops, tbat are carried off tbe land eitber directly, 

in tbe sbape of vegetable produce, or in tbe sbape of 

live stock. Wben tbe -wbole of a plant is retumed to 

tbe soil wbere it bas grown, an addition ratber tban a 

loss of material is tbe result, because tbe soil is enricbed 

by tbe materials tbe plant bas appropriated from tbe 

atmospbere and from water. Tbe extent to wbicb tbe 

soil sufifers by tbe various crops raised upon it, will tbus 

be cbiefly regnlated by tbe manner tbese crops are dis- 

disposed of. For instance, a crop of wbeat removes from 

tbe soil during its growtb a la^e quantity of nitrogen, 

pbosphoric acid, sulpburic add, and seyeral otber valuable 

mineral constituents ; and altbougb tbe greater part of 

tbis crop, viz. tbe straw, is retumed to tbe land in tbe 

sbape of farmyard manure, yet, as tbe greater part of tbe 

more important materials are situated in tbe grain, wbicb 

in most cases is sold off tbe farm, tbe exbaustive effect of 

tbis crop is accounted for. Again a crop of roots, as 

Swedes, for instance, requires as mucb material from tbe 

soil for its development as tbe wbeat crop ; but as tbis 

kind of produce is generally consumed on tbe farm, often 

OQ the ground wbere it bas grown, a less amount of 

I 2 
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luaterial is lost to the soll, becaiise in either case the 
greater part of the nitrogen and mineral constituents 
of the crop is retumed to the soil in the shape of 
manare. 

This loss of material, incorred by the soil hy the 
growth of the crops raised upon it, is feit chieflj in 
inorganic sabstances, or the mineral food of plants, which 
«onstitutes the ash lefb on buming. The atmospheric 
food of plantsy with the exception of ammonia, exerts no 
influence upon the exhaustion of the soil, since the 
amount of carbonic acid, &c., in the atmosphere, prac- 
tically speaking, is inexhaustible ; but as the mineral 
<x>nstituents of plants, such as phosphoric add, aulphuric 
acid, potash, &c,, are snpplied solely by the soil, and 
the quantities of these materials in a servioeable con- 
dition are limited even in the best of soils, it is chiefly 
by their loss that the fertility of the soil is impaired by 
caltivation. The amoant of nitrogen present in a crop 
must also be taken into account in consideriDg the extent 
to which the soil has been weakened. Some persons imagine 
that ammonia^ like carbonic acid, is supplied cui libitiim 
to all plants ; that the minnte quantity of ammonia in 
the air is sufficient to supply all the nitrogen of plants ; 
and that their ability to absorb this ammonia, and conse- 
quently, the amount of nitrogen they receive, is dependent 
on the quantity of mineral substances at the disposal of 
the plant. In other words, they imagine that the mineral 
constituents are the only materials required to be supplied 
to the plants, and that if these materials are provided in 
proper quantity, the plants will obtain for themselves 
from the atmosphere the requisite amount of ammonia to 
fumish all the nitrogen they require in the development 
of flesh-forming principles. It seems tolerably oertain, 
however, that the chief part of the nitrogen present 
in cultivated plants is derived from the soil, to which it 
Las previously been added in the shape of some sort 
of manure. Thus we may conclnde that the nitrogen, as 
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'Well as tbe mineral or inorganic substances contained 
in. a crop, have been snpplied at the expense of tbe soiL 
In Order tbat we may form an idea of tbe extent of 
tfais exbaustion, and tbe qnantities of tbe more valuable 
materials removed &om tbe soll by culturei we aunex 
the following table. 

QIJANTITIES OF THE MORE ESSENTIAL CONSTI* 

TÜENTS OF THE SOIL REMOVED FROM IT PER 
ACRE BY A CROP OF WHEAT 

Wheat (grain) 
ot 25 bushels^ 

Nitrogen 27*90 Ib. 

Mineral substance, 26 '25 Ib., containing, — 

Phosphoric acid 12'07 >, 

Potash ...., 7*86 „ 

Magnesia 3*22 „ 

Lime '89 „ 

Othcr less-important mineral substances . . 1*89 



I» 



BotaUion of Crops, 

Anotber matter connected witb tbe exbaustioD of tbe 
soll by culture must uow be noticed. It is well known 
tbat a soll may be exbausted in reference to one crop, and 
yet be fertile to a crop of anotber sort ; wbile it may be in- 
capable of bearing an additional crop of tbe same kind a» 
tbat last grown upon it, one of anotber kind may flourish 
and come to perfection. This was formerly explained by 
believing tbat plants during tbeir growtb excreted certain 
Compounds, and tbat eacb fcribe of plants produced a 
different kind of excrement, wbicb, altbougb injurious to 
tbe plant tbat produced it, exercised a beneficial influ- 
ence on some otber species of plants. In this way it wa» 
explained tbat several crops of tbe same kind would not 
grow successively on tbe same field, because tbe ex- 
crementitious substances lefb in the soil by tbe growtb of 
tbese crops were present in too large a quantity to admit 
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of the further healthy growth of the same crop ; for the 
same reason, the ground was believed to be in a favour- 
able condition for the growth of some other faraily of 
plants that could appropriate and flourish upon. these 
particalar Compounds. 

This notion, although very populär some tüne ago, is 
altogether a theoretical fantasy, as no direct e vidence exists 
even of the formation of these excrementitious matters 
in the soll by plants, far less of their taking any part in the 
development of the sacceeding crop. The more probable 
cause of this inability of the soll to produce many sncces- 
sive crops of the same sort is explained by the facts before 
stated in connectiQn with the composition of the ash of 
plants. It will be recoUected that the ash of a particukr 
tribe of plants always has the same approximate compo- 
sition, and that whüe the number of ash constituents of 
plants seldom varies in different kinds of plants, their 
amount and relative proportion vary with nearly every 
variety of plants. Further, it will be remembered that in 
each kind of plant, some one or two ash constituents pre- 
dominate, which will obviously be removed from the soil 
in largest quantity by the growth of the particular kind 
of plant or crop to which they belong. Hence we can 
easily understand that a soil which has just sufiered a 
heavy drain upon one or two of its constituents for the 
development of a particular crop, will be unable to fumish 
the additional quantity of the same materials requisite 
for the healthy Vwth> a second crop of the sai^kind ; 
but at the same time, its stock of other substances being 
comparatively undiminished, it is fiilly capable of respond- 
ing to the demands of some other crop that is satisfied with 
a different set of materials. In the same manner several 
crops of diÖerent kinds may successively flourish on land 
where a second crop of the same kind would utterly feiil ; 
bat where the tarne crop, or the same kind of crop, is 
repeated, even after an intcrval occupied by intervening 
erops^ the soil will be equally unable to supply it with a 
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dae amoant of material, nnless it has been replenished hj 
the addition of maaure, or miless the interval has been 
long enough to admit of the oonversion of sufficient 
solabie and wholesome materials, from the insoluble and 
otherwise nseless ones locked up in the fragments of un- 
decomposed rock which most soils contain. 

But apart from the character of the materials a crop 

extracts firom the soil dorixig its growth, its place in a 

series of crops, or in a rotation, is regulated by the 

capabilities and halats of the i^nts composing it ; it being 

-well known that different kinds of plants are very 

nnlike in their abilitj to seek their food from the soil and 

provide for themselves ; some plants are helpless^ so to 

speaky and languish for want of food, nnless it is placed 

immediately within their reacb. Others, again, are inde* 

&tigable and indnatrious in shifbing ioc themselves even 

mider difficulties, and if food is at all to be had, they will 

search it ont and appropriate it. These latter plants are 

highly naefnl for coUecting together the small quantities 

of väduable materials scattered throughout a large bulk 

of soil. We may distingoish these as industrious plants, 

sisce they are noted for sending out roots to great depths 

and great distances in the soil in search of the materials 

reqnired for the fabrication of the seeds and other parts 

of their stnicture at the surface. To this tribe of plants 

belong the clovers and grasses ; hence the improvement 

in the 8ur&ce<soil that may be effected by laying it down 

in grass, and the advantage that is gained by the intro- 

daction of a grass crop in the series of crops of a rotation. 

Amongst this group of plants, sainfoin is conspicuous, 

and is highly valued in districts where thin soils overlie 

porous limestone rocks, as on the Cotswold Hills. This 

plant possesses in a high degree the power of thrusting 

its roots to great distances, and coUecting and bringing to 

the snrfftce the small qnantities of fertilizing materials 

these rocks generally contaia. The surface-soil is thus 

«nriched, and becomes better adapted for the growth of 
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thoae plants above noticed, which, from tke rapidity o£ 
their development, or for other reasons, are unfitted for 
searching for their own food. Examples of tbis latter 
kiud of plants are tbe tumip, Swede, and otber root 
crops. It is well known tbat tbese plants will not 
flourisb onless a copioas dose o£ fertilizing materials is 
immediately witbin tbeir reacb; and as tbe sabstance 
tbese plants most require, especially at tbe earlj periods 
of tbeir growtb, is pbospboric acid, we can aocount for tbe 
isct tbat superpbospbate of lime (a manure particularlj 
rieb in pbospboric acid) is so emcacious in promoting 
tbe growtb of root crops. For tbe same reason, tbe 
superiority of well-rotted farmyard manure, compared 
witb tbat in a fresb condition, is mainly due to tbe lai^er 
amount of available pbospboric acid it contains. On 
tbese and otber circumstances, tbe rotation proper for 
a particular kind of soll is founded, and tbe above 
remarks are intended to explain a few of tbe general 
laws wbicb regulato tbe order of tbe crops of a seriea. 

NaJtmral Benovation qf Exhavsted SoHs. 

It will now be proper to inquire into tbe means by 
wbicb tbe soll is replenisbed witb tbe materials removed 
from it by culture. It is known tbat a soil wbolly or 
in part exbausted will, if left to itsel^ in course of 
time recover its fertility. Tbis effect may be traced to 
several causes; amongst wbicb tbe foUowing may be 
mentioned : — We bave seen tbat several bodies exist 
in tbe soil, as oxide of iron, alumina, bumus, &c.f wbicb 
possess tbe power of absorbing and fixing tbe ammonia 
from tbe air. Again, combinations of tbe same valuable 
fertilizing material are continually brougbt down by tbe 
rain and stored up in tbe clay and eartb of tbe soiL Tbe 
ammonia coUected in tbis manner, altbougb extremely 
small in quantity, must not be overlooked in considering 
tbe natural restoration of tbe seil« By tbe growtb o£ 
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natural herbage, the snrface-soil becomes enricbed hj the 
accumulation of organic matter deriyed from water and 
from the atmosphere, and by the same means any 
valuable mineral substance existing in the lower regions 
of the soll will be brought to the sarface and distribnted 
through this organic matter. Even during the ordinary 
Systems of cultivation, when the greater part of the pro- 
dace is carried from the land, the amount of organic matter 
in the soil in most cases increases, becanse many plants pro- 
duce even a larger amount of organic material, in the shape 
of roots, under the surfaoe, than they do above it, in the 
shape of leaves, seeds, or other kinds of produce. Hence, 
-when the plants die, all this organic matter is lefb in the 
soil, and tends to its improvement, not so much through 
any direct effect it exerts on the growth of succeeding 
generations of plants, as by mellowing and loosening the 
texture of the soil, and by preparing the mineral con« 
stituents in a high degree. On the decay of organic 
matter, — the roots of plants» for instance, in the soil, — all 
the mineral substances theae roots contain are separated 
in a finely-divided State, and distributed through a porous 
maas that the roots of living plants can easily penetrate, and 
upon which they eagerly feed. Another and more important 
cause of the natural renovation of the fertility of a soil must 
now be noticed. In describing the mineral constituents 
of the soü, we have several times had occasion to advert 
to the fiict that the same mineral substances which in a. 
soluble and available form constitute its mineral ferti« 
lizing materials, also occur in most soils as stony and 
insoluble combinaüons, which take no part in assisting 
the growth of plants; and it has been remarked that tho 
fertility of a soil depends not so much on the presence of 
certain Compounds, as upon the condition in which these 
compoimds occur. By the unceasing action of th& 
weather, these insoluble and useless Compounds are slowly 
converted into combinations that will admit of convey- 
ance to the organs of plants through the medium of 
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water; thus, by ezposnre to tke wind» froBt^ and rain, 
these soluble fertilinng sabstances steadily increaae and 
accumtüate. To this cause is chiefly to be ascribed the 
restoration of land when left to itself for a lengtk of 
time, as in the ancieiit System of long fallows. 

Tbe Chief object songht to be attained by the Opera- 
tions of draining, ploaghing, ezposoie to frost^ barrowin^ 
coltivating, <fec., is the bastening and accelerating Uie 
action of natural agents in the last-named process of 
replenishing the soiL 

In many soils, especially the better sorts €i clay soiIb, 
the quantity of fertiliaing materials in tbis locked-up 
State is very great — ^in &ct, for generaüons to come, 
inexhaustible. Henoe the chief bosiness of the cultiyator 
of these soib consists in tbe employment of the abo^e- 
mentioned mechanical means for asaisting nature in setting 
free, and rendering available, these hidden treasnres ; and 
the application of manures — at least of general manures 
— ^becomes a secondary object. But in all soils the 
aboYe-named mechanicid Operations oonstitute an import- 
ant diyision of the labour of the &rmer, and mnst in all 
cases precede the more direct improvement of the soil by 
the application of manurea 

Although the above-mentioued processes may be con- 
Teniently considered under the head of " mechanical opera- 
tionsy" yet their effects depend to some extent on chemical 
changesy which we must trace in order to understand their 
action. Another series of Operations» including the ap- 
plication of manures» may be included under Öie besid 
of *' chemical means'' of improving the soiL As a pre- 
liminary step to entering upon these divisiona of our 
subject, it will be proper to make ourselves acquainted 
with the distinguishing characters of fertile and harren 
soils. In Order to imderstand clearly the chemical and 
mechanical differences between productive and unpro- 
ductive land, let us first observe the oomposition of some 
soils of known fertility. 
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EXAMPLES OP PEBTILE SOILS. 



No. I. 
A loamy soil remarkable 
for producing fine crops 
ofwheat. 

aiica 6319 

Peroxide ofiron •.•••••..• 4*87 

Alumina 14*04 

Lime '83 

Magnesia 1*02 

Potash 2*80) 

Soda 1.43J 

Sulphuric acid '09 

Phosphoric acid *24 

Organic matter S'55 \ 

Water 294 ( 



100-00 



No. 2, 

A rieh ver«table 

mould. 

71-80 

6-30 

9-30 

1-01 

•20 

•Ol 

•17 
•13 

10-98 



100-00 



Fertile SoUs, 

By the above analyses, we leam that in these soil% 
which may be accepted as Standards of fertility, the sand, 
clay, organic matter, and other more bulky consii- 
tuents, are so proportioned that neither prevails to an 
excessive amount. Again» the more valuable mineral con- 
atituents, phosphoric acid, sulphuric acid, potash, &g., are 
present in appreciable quantity, while no substance likely 
to injure or retard Vegetation is present. A fertile soil 
also possesaes many qualities, regarding which chemical 
analysis gives us no Information. The chief of these 
properties is its texture. A certain looseness, uniformity, 
or mellowness, extending to a considerable depth from the 
sarface, is requisite to entitle a soil to the appellation of 
a fertile one. However abundant and complete the 
chemical constituents of a soil may be, unless these in- 
gredients are intimately mixed and finely divided, it wiH 
Btill require improvement to ndse it to its maximom 
fertility. 
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If^fertüe and Barren SMs. 

In Proportion as tbe mechanical or chemical qnalities 
of a 8oil are remote from those above named, so will it be 
an infertile or a barren one. Tbe sterility of land may 
be owing to a variety of caases. While many soils are 
bopelessly infertile, from tbe obvious reason tbat they 
are too tbin and poor ; otbers agiain, equally wortbleas 
in practice, present externa! cbaracters so fedse tbat a 
stranger would be apt to pronoonoe tbem to belong to 
tbe better dass of soUs. 

We may conveniently oonsider sterile and deficient soils 
ander tbree beads. I&st, tbose wbose sterility is eaused 
by tbe presence of some substance deleterious to Vegeta- 
tion, or to an excessive qnantity of some otberwise usefal 
material ; secondly, tbose in wbich tbe absence of neces- 
sary food-constituents of plants is tbe immediate cause of 
tbeir inferiority ; and lastly, soils infertile because tbeir 
mecbanical texture is bad. Amongst tbe inferior soils 
belonging to tbe first of tbese divisions, are tbose soils 
occasionally met witb, wbose infertility is due to tbe 
presence of tbe noxious salpbate of iron described in a 
preceding cbapter. It is not uncommon for tbis substance 
to exist in tbe subsoil, and not in tbe surfiau;e-soiL In 
tbis case, its effects are displayed only upon certain 
deep-rooted plants, wbicb are found to languisb and die 
as soon as tbe roots come witbin tbe influenoe of tbis 
substance. Peaty and boggy soils belong to tbis class, as 
in tbese cases tbe excessive quantity of vegetable remains 
is tbe immediate cause of infertility. Coupled witb tbis 
defect, and in most cases tbe primary cause of it, is the 
presence of stagnant water. Tbis of itself constitntes a 
source of infertility. Hence wet, undrained, cold soils 
must also be included in tbis division. 

To tbe second group of infertile soils belong tbose 
tbat bave been exbausted by injudicious cultivation; 
tbese may still retain a fine mecbanical texture, tbeir 
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chemical health only being impairecL Soils that are de- 
£cient in substance, as those that are too thin and shallow, 
mnst also be considered as belonging fo this diviaion. 
Soils of tke third kind are those whose mechauical 
texture unfits them for supporting the bealthy growth 
of plants. They may be too close, heayy, and retentive, 
as in clay soils, or too loose and porous, as in sandy soils. 
Soüs of the former description frequently occur, con- 
taining in abundance all the materials required for the 
Tigorous growth of every sort of crop, and require only 
mechanicsd improvement to convert them into soils of 
superior character. Such soils may be called crude soils. 

EKAMPLES OF BABBEN SOILS. 

No. l. No. 3. 

A borren sandy A peaty sterile 

8oil. soll. 

Silica and Band 9600 .. 7*96 

Alumina , , • . *50 . . '63 

Oxide of iron 2*00 , . '12 

Lime 'Ol ... *55 

Magnesia trace . . *08 

Potaah - ) 

Soda — 1 •• "^ 

Phosphoric acid — • . '02 

Sulphuric acid — . . '19 

Chlorine — . . — 

Organic matter 1*49 .. 90*44 

100-00 100*00 

We will now proceed to consider the means at our 
command for removing or ameliorating the above-named 
general causes of infertility. Some of these means will 
-also constitute a necessary department in the caltivation 
of all soils. 

Mechamcal Meems qflmproving the Lcmd, — I)raining. 

Of these mechanical Operations, draining is undoubtedly 
(the most important, since^ apart from the fact of an 
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excess of water bemg a common soarce of infeitUity, an 
effident means of drainage may be regarded as an in- 
dispensable condition in all cnltiTated soils ; and this 
in manj instanoes can only be attained by artificial 
drainage. In some soils, the natnml drainage is too 
active, and constitutes a serioos defect, as in sandy, 
poi'ous soils. In most cases, howe^er, the reverse of this 
State of things ezists, and nothing can be done with the 
soll nntil an artifidal system of drainage is established. 
This is espedally the case in day soils, whicb, as we all 
know, are exoeedingly retentive of moistnre. In these, 
and to a less extent in soils of other characters, the 
water that &ll8 in the shape of rain, or that drains 
from higher ground, aocmnnlates and stagnates, and 
seriously interferes with the growth of plants, nnless an 
effective outlet is provided. When no outlet for the 
water exists, a morass or bog is formed, and the soll 
becomes entirely unproductive. When the means of 
escape for the water are defective, a oorresponding re- 
duction of fertility ensues ; and although the surface-soil 
may not apparontly be sufiering from an excess of moisture, 
it oflen happens that the snbsoil is permanently soaked 
with stagnant water, which greatly retards the healthy 
growth of plants. Thus, like many other good things, 
water, which, as we have seen, is so essential in every 
stage of the development of plants, becomes, when present 
in excessive quantity, altogether injurious. The evil 
effects of too much water in the soil may to some extent 
be explained as follows. 

The soil in a healthy condition oonsists of a layer of 
porous substance, fall of cavities and pores, throngh which 
the atmospheric air and the gases produced by the decay 
of organic matter continually circulate. The air is indis- 
pensable in the soil to enabk the functions of growth to 
proceed and new supplies of fertilizing material to be 
prepared. I^ as in the case of undrained land, these 
cavities and pores of the soü are fiUed with water instead 
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of air, it is dear none of these necessary changes can 
proceed. Further, in tbe presence of stagnant water, all 
sorts of unnatural Compounds are formed in the soil, whick 
more or less interfere with the growth of plants and the 
health of animals. The proper circulation of the air 
through a soil is in a measure dependent on the means 
of exit that exist for watw. When a shower of rain falls 
on properly-drained ground, the ndn in penetrating into 
the soil drives out the indosed air, to occupy its place ; but 
on the cessation of the rain, as the water continues to sink 
into and through the soil. it is foUowed by a new supply 
of fresh air, which in its tum acts upon the yegetable and 
mineral substances of the soil ; and thus the process of 
decay and consequent production of fertilizing material 
proceeds with renewed vigour. 

Moreover, the clay and other substances of the soil are 
capable of extracting from rain-water the small quantities 
of fertilizing materials which, as already noticed, it generally 
contains. When a shower of rain sinks through the soil, 
most of the substances the rain-water holds in Solution 
are retaioed and appropriated by the roots of plants ; but 
when the soil is already saturated with water, as in 
undrained land, no passage, or only a limited one, through 
the soil can be found by the rain ; it therefore merely 
runs off the surfeu^e, and these valuable constitueuts are 
wasted. 

Wet undrained soils are also sometimes called '^oold'* 
soils. This is a very proper name for them, since soils 
that contain an undue quantity of water are actually 
colder than they would otherwise be. This is explained 
by the &cts noticed in a previous chapter in describing 
the properties of steam. It will be remembered that 
steam, whether natural or artificial, always contains a 
large quantity of heat, and that the evaporation of water, 
or its conversion into steam, is always attended by 
a loss of heat. Thus the heat of the sun shining upon 
wet groond is wasted by the evaporation of a portion of 
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the water, wbich, in becoming steam, absorbs the beat 
that would otberwise be retained in the soll, and tbe soll 
being deprived of a proper amonnt of beat, Vegetation 
is retarded. Moreover, in the steam thns given off from 
stagnant water soaking in earth, all kinds of poisonons 
▼apours are present ; the miaBma of warm climates, and 
the müder forms of it in temperate ones, that give rise to 
agues and fevers so common in countries where drainage 
is altogether neglected, are emanations of this kind. Anj 
one may satisfj himself of the production of noxious 
vapours from stagnant water ander these circumstances 
hj mixing any earth with water in an open vessel, and 
allowing the mixtnre to stand for three or four weeks : 
during this period the mixtui'e will have acquired an 
abominable odour. 

Thus hj the process of draining, the soll is rendered 
more porous, open, and looser ; all its cavities and inter- 
sticeS) formerly occupied by stagnant water, are now filled 
with sweet air, busily employed in promoting a healthy 
decay of the veiretable and mineral substances that the 
BOU contains, and Converting them into wholesome food for 
plants. The earth is thus mellowed, enriched, and in every 
way better suited for the purposes of agriculture. By 
draining, the soil is also made deeper ; a greater depth of 
earth will be penetrated by the roots of the plant« growing 
upon it, and an additional increase of produce on this 
account may be looked for. 

Since by draininff, the land is made warmer, and the 
crops gro^g upon it haatened in tbeir growth and 
brought sooner to perfection, the draining of a district 
produces a change tantamount to an improvement of 
climate — it becomes drier, warmer, and more wholesome 
and healthy to its inhabitants. 

Another important effect of draining is in hastening 
the drying of soils after wet weather. As every farmer 
knows, the land must be in a proper state of dr3nQe3s before 
any kind of work upon it can be attempted ; and however 
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inconvenient or expensive a delay may be, tliis condilion 
of tbe soil must be waited for. Anxiety from this cause 
is often feit in wet autumns, when prolonged rainy weather 
interferes with the sowing of the wheat crop. 

Ijand that is properly drained is, of course, mucb less 
mibject to remain in this wet, unmanageable condition than 
US drained or imperfectly-drained land ; and as in the former 
•case the proper condition of dryness during the intervals 
of wet weather is sooner reached, an opportunity will 
often be afforded for carrying on the necessary Operations 
of the aeason, while land of the same kind, but undrained, 
Temains in a state whoUy unfit to be touched, and some 
other coorse of procedure than the one intended has to be 
adopted, even thongh at inconvenience and loss. 

A further effect of draining must now be noticed ; 
-viz., the assistance it affords to all manuring materials. 
Manures, of whatever sort, can be more economically 
applied on drained than on undrained land; in other 
words, the same quantity of manure will go farther, 
or produce better effects^ on moderately dry ground than 
on that which is wet and undrained. We can easily 
understand the reason of this : it is only what we should 
expect on recollecting that most kinds of manure, like 
organic matters and other substances provided by nature 
in the soil, require to be more or less altered by the 
atmosphere befbre they can exert any useful effect ; and 
as the quantity of air present in an undrained soil is very 
limited, it is not surprising that manures should require 
a longer time to act, and produce less efifect, than in better- 
constituted soil. Moreover, we are now aware, that most 
fertilizing materials act upon plants through the medium 
of water ; the water, or moisture of the ground, dissolves 
small quantities of the mineral substances and conveys 
them to the roots of the plant ; but in order that water 
may perform the oifice properly, it must circulate or move 
through the soil in different directions. During rain, the 
water falling on the surface will gradually pass downwards 

K 
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through the soll. Again, duriog bot, fizie weatber, tbe 
«vaporation from the moist sarüace will impart au upward 
tendeucy to the moisture in the soil ; buit ia wbicbever 
direction the moisture moves through the soll, it will cajiy 
witb it small quantities of ihe manuring matesials it has 
dissolved from the fragmeats of thoae substaBoes it has 
met with at different points of its oouise; a&d bem§ 
everywhere interoepted hj the roots of plaats, it yidds 
to these deiicate organs as much of tke materials it has 
gathered as they are indiued to make ose o£ Eutin 
UDdrained laud, where the water of the soil is moae er less 
stagnant, or inca{)able of diculatioa, the &agmeats of 
manuring substances beoome inclosed in a layer of satu- 
rated material, and all thoae particks not ioainediately 
adjacent to the roots of the pknts take no part in ccmtri- 
buting to the growth of the crop, and for the time being 
are oaeless. 

From theae obaervations we may in&r that draining 
ia the first and most important means at our disposal ibr 
the improvement of all descriptions oi land in which an 
undtie Proportion of water preyaüa. It merits this dis* 
tinction not only on account of the numerous beneßcial 
changes it effects in the textore of the soil, but also 
because it is almeat iadispenaable as a preliminary step to 
the employment of other more direct fertilixang agents. 
All the resonroes of scientific agriocdture will be uaekss^ 
nnless a proper amountonly of water is maintained in the 
soil, and the removal of every quantity beyond this is 
provided for. This, as befbre remarked, oan generally only 
be aecured by artifioial dramag& 

Plouffhmg, 

The medianical Operations of plcwghing, aubsoiling, 
trenching, (S^a, can only be employed to groat^ advantage 
after a proper draiaage has been secured. 

Plooghing, besidea the more immediate effect of break- 
ing ap and looBeoing the bqü, exerts a seoondary action^ 
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hy exposing to the action of the weai^lier a greater surface 
of the soll than would otlierwise be the case. This effect 
of ploughing is strikingly displayed in winter faliows. 
The aotion cf frost in reducing tke soll to a state of 
(üvision far beyond anything we can produce hy artiüoial 
means, is well known ; and since on the £at eurfaoe of 
a soll ti>e etSects of frost would be but smaU, in conse- 
quenoe of the ebort distanoe to whicb frost osually pene- 
trates, a mucb greater advantage may be gained from tids 
effect of frost by ploughing up tbe ground in autumn, 
and in tbis oondition leaving it exposed to tbe action of 
the weatber. By tbis plan maases of eartb and elay will 
be exposed on all Bides to tbe frost, and become frozeu 
thrcmgb tbeir bulk. In tbis process, tbe moisture tbey 
contain, on being converted ixtto ice, expands, and 
thus forces and bolds apart every particle of eartb con* 
tained in tbe mass. On tbe refbam of warmer weatber, 
the ice again becomes fluid, retums to its original 
bnlk, and tbe separated partides of eartb now crumble 
down to a beaatifuUy ligbt porous inass, wbicb, in a 
high degree, promotes tbe abBorption of ammonia and 
other £srtilizing constituents of tbe atmospbere. 

Deep Plauglmig^ SyhaoÜing, Trencking^ iSsc. 

The principal effect of plougbing is to break up and 
loosen tbe soll, so tbat tbe air, wbicb, as we bave seen, is 
80 necessary to tbe bealthy condition of tbe s<nl, may 
freely penetrate tbrougb it in every direotion. Tbe roots 
of plants will generally only deseend so far from the 
suriaoe as tbis loosening by tbe plongb extends. TJie 
depth to wbicb tbe plougb can be used will, of course, in 
& great meaanre, be regi^ted by tbe natural deptb of tbe 
soü; but in many cases, no reason exists wby tbis 
natural deptb sbould not be extended, and tbe soil 
deepened by encroaobing on tbe »ubsoil. On some kinds^ 
of land great improvement bas been ^ected by tbis 
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To tliis end deep ploughing and subsoil plougbing are 
employed. By these Operations the deeper regions of 
tlie soll are loosened, and will now admit of penetration 
by the roots of certain deep-rooted plants ; at the same 
time the drainage of the surface-soil is still further pro- 
moted, and its wholesome porosity maintained. The most 
useful effect of these Operations consists in fumishing the 
soll with a new störe of fertilizing materials, which the 
lower portions of many soils contain, either belonging to 
thein naturally, or that have been washed into theoi by 
the continued action of rain and other agents, which con- 
Btantly tend to bury all materiala added to the surface- 
soiL The recovery of theae buried treasures ia still 
further assisted by the gradual admixture of the subsoil 
with the surface-soil^ as in trenching and allied Opera- 
tions. 

The striking effects often seen to follow the adoption 
of trenching and deep ploughing in increasing the produce 
of districts where the use of these Operations had pre- 
viously been unknown, may be traced principally to this 
cause. The valuable material removed from the surface- 
soil dunng many generations, is again brought into use, 
and acts with renewed vigour in promoting the growth of 
plants. Moreover, the deeper layers of soll, that have 
hitherto remained undisturbed, often contain valuable 
mineral constituents, which, when mellowed by exposure 
to the atmosphere, greatly add to the fertility and pro- 
ductiveness of the surface-soil. 

After ploughing, we naturally arrive at the allied 
Operations of harrowing, cultivating, rolling, cleaning, &a 
By these auxiliary means the necessary looseness and 
well-mixed condition of the soil is more completely 
attaiued : by the same Operations the ground is cleaned, 
or freed from those inveterate enemies to the farmer — 
the weeds, or those plants that are too ready to grow. 
In all cases it is advisable to burn the weeds collected in 
this way during the cleaning of land. By this means they 
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are eflfbctually prevented from again taking root and dis- 

tributing their seeds, while at tbe same time theii' ashes 

become valuable additions to the fertilizing materials of 

tbe soiL The more completely tbese Operations of 

pulverizing, mixing, and cleaning tbe soll are cariied out, 

tbe finer will be tbe growtb of the foUowing crop, and tbe 

smaller tbe quantity of manure it will require to raise 

this crop to perfection. As before stated, all artificial 

manures go furtber on a soil tbat is well cultivated tban 

on one tbat is füll of coarse lumps, and is carelessly mixed 

and cleaned, We can easily imagine tbat this sbould be 

the case. A given bulk of eartb in a soil tbat is well 

prepared will admit of a greater number of roots and 

fibres penetrating tbrougb its substance tban wben the 

same space is occupied by coarse unbroken lumps, as in a 

carelessly-prepared soil. In tbe fornier case every portion 

of tbe soil adjacent to the plants of a crop will be inter- 

mingled witb roots, which will make use of every frag- 

ment of manuring material witbin tbeir reach ; and tbus 

every portion of tbe manure added will take part in sup- 

plying tbe growing crop : wbereas, in tbe latter case, a 

great part of tbe manure applied gets beyond the reach 

of tbe roots, and in this isolated position is for tbe time 

being useless. Moreover, the substances supplied in tbe 

sbape of manure to certain crops, as for instance pbos- 

pbatic manures for root crops, are required by tbe plants 

during the early stages of their growth ; and unless tbese 

substances are witbin tbe reach of tbe tender roots at 

this early period, much of the good effect expected from 

the manure will not be fortbcoming. Tbus, although 

6ven in an imperfectly-prepared soil tbe manure applied 

may ultimately be reached by tbe roots of the plants, 

yet at this more advanced period of their growth it 

will be of much less use to them than if earlier supplied, 

This fäct is so well known by manure-makers, tbat some 

of our largest manufacturers of superphosphate also 

snpply their customers witb tbe best implements at* 
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rednced ratea. in order tbat the maximuni eiteest of their 
manure may be displayed on tbe crop to whicli it is 
applied. 

Intermediate in character between the mecbanical and 
cbemical means of improving the kmd, are some import- 
ant operation% whieb muet now be briefly conaidered : 
these are, mixing, paring and burning, liming, marling, 
^c. While, o& tbe o&e band, the textare of the soü is 
materiaU j altered by tbe bulky nature of Üie mat^ials 
concemed in these Operations, an eqnally importaBt 
effeet is often prodneed by the ehemical action of some of 
these materiab. 

Mixing qfSoUs. 

Mach improvement may often be effected in the 
texture of a soü by adding to it those khids of earth 
it seems to be most defieient in ; for instance, a heavy 
olay soü will obvioualy be improved by the addition of 
aand or any other loose and peroc» materiaL Again, 
Sandy soüs reqnire only clay to OTi»x;ome their chieiP 
failing ; viz., their want of retentiveneas ; whüe, on thin, 
scanty soils, the addition of earthy matter of almoet any 
deaeription wül e«feet hnprovemit by adding to tfai 
depth and aabstance. In most cases, econonäcal con- 
fiiderations present insurmountaMe obstaeles to improve- 
ment of soüs by these means ; at the same time it most 
be admitted, that in nmny situations, whtare the requisite 
materials are at band, immense improvement might be 
effected, and at an ontlay ibr wMch the inereased 
produce of the land may reasonably be expected to pay a 
good interest. Beds of sand are often found underlying 
the Stratum of clay on vhich the soü rests^ Ag£dn, 
deposits of clay are often accessible from districts where 
Sandy soils prevaü : in cases of this sort, the spare labonr 
of horses and men may be profitably expenc^d in thns 
adding nsefol material to tke d^ctiye soü. The addition 
of clay to a soü deficient in this material not only im- 
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proves its inediaiiical condition, but greatlj adds to its 
fertility, in Tirtue of the nnm^rous uaelul qnalitiea before 
mentioned as belonging to clay. 

Faring cmd Buming. 

An important Operation, wltidi possesses in a high degree 
Claims that entitle it to be eomsidered both as a mecha^- 
ical and chemical meams of improving the soil, must now 
be described ; we allode to the Operation of paring and 
buming, as yreM as the bnming of claj hj other means, 
for nse in agrienlture. These Operations are especially 
valaable in heavy, clay soils, wheire every practieable 
means of increasing the iooseness and porosity of the soil 
is to be eagerly sought for. At the same time they can 
be employed with adrrantage on lighter soils, since, in 
virtue of the chemical aetion of the bnmed xnaterials, am 
amount of f^tilizing substance, eqnal to that imported by 
a good dressing of manmre, k often added to the soil by 
the Operation of paring and baming. 

The Operations of paring and bnming are not always 
connected : it is often profitable to bnm clay by some 
sort of cheap artificial fnel ; and as in all cases the burned 
clay is the more efiective material^ we will first inquire 
into the changes day and earth nndergo in the proceas oi 
bnming. We must again call attention to the fact 
that all soik, more especially clay soils, contain a great 
deal of lertilizing materials in a cmde, undecomposed State, 
— a form that cannot be made nse of by plants. It has also 
been stated that by the slow aetion of the rain^ fi-ost, and 
other atmoepherical phenomena, these insolable snbstances 
are slowly rendered solable and converted into a form 
that can be made nse of by plants. The same changes 
can be effected more rapidly by fire. As in the case of 
organic matters, the same changes that take place by long 
expostire to the air at ordinary temperatnres during the 
process of decay, are produced almo&t instantaneousiy at 
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a higher temperatare, or, in oommoa language, by fire ; 
80, in a less degree, with these mineral constituents of 
the soil, fire is capable of perfomiing in a short time 
what is slowly effected by long exposiire to the action 
of the weather. When clay is bumed at a very high 
temperature in a famace or kiln, it partially melts, and 
becomes a vitreous liard mass, which on cooling retains 
any form that may have been given to it before buming^ 
and is almost imperishable by the weather. On this 
property of clay depends its application in the art of 
l^ottery, or the manufacture of nsefol domestic articles 
of crockery-ware. Bat when day is bumed at a lower 
temperature, as when bumed in heaps wiih coal-dust or 
vegetable matter, its physical properties arc altered to a 
less extent, and it becomes a porous friable substance, 
that easily cmmbles to jK)wder on exposure to the air. 
This burned clay differs from unbumed, in having lost 
its plasticity, or that property of adhering and sticking 
together when wet. In this bumed condition it remains 
in a powdery state, even when soaked with water, and in 
this respect partakes of the characters of sand. On this 
raechanical property depends its value as a means o£ 
lighteuiDg «nd im^rting porosity to heavy, clay soUs. 
But in its chemical qnalities it also differs widely either 
from unbumed clay or that which has been fused at a 
high temperature. In the latter conditions but verj 
little of the constituents of clay are soluble in water ; 
whereas, in clay that has been properly bumed at a low 
temperature, many of its constituents are rendered soluble 
in water, and others are so changed in Constitution that 
by exposure to the air they readily become soluble, and 
at once capable of furnishing food for plants. It is chiefly 
on this chemical property of bumed clay that its use- 
fulness is based. 

In the Operation of paring and buming, other chemical 
changes are produced besides those above stated relating 
to clay. A quantity of organic matter is bumed : this 
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consists of vegetable remains, stems and roots of plantSi. 

witb considerable quantities of animal matter in the shape 

of the larvse and bodies of insects, &c. It may at first 

sight seem a wasteful process thus to bum and dissipate 

in the air what by decsay would yield organic food ta 

plants ; but the fact is, most of the organic matter 

destroyed in tbis process is unfit for any useful pur- 

pose. In certain kinds of soils the organic matter 

accumulates too rapidly^ and attains an objectionable 

Proportion in the soil : .in these cases, burning suppliea 

US with the best means of getting rid of it. Again, the 

Operation of paring and burning is generally resorted to- 

on foul pastures, or land fall of roots and weeds, which 

ofben resist all other means of destruction. In all these 

cases, the destruction of organic matter cannot b& 

lamented ; and even when the organic matter is of a 

less-objectionable kind, its sacrifice for the more valuable 

products of burning may often be advantageous. In the 

case of weeds or inferior grasses, much benefit will resulfe 

to the soil from their destruction by fire; since these plants^ 

Uke their cultivated brethren, remove from the soil 

useful mineral substances. The soil is thus impoverished 

to supply these useless plants. When bumed, however^ 

all the mineral substances they have consumed are re- 

covered, and retumed to the soil in a condition that can 

at once be appropriated by cultivated plants. Thus th& 

ash obtained by paring and burning consists of a mixture 

of bumed clay and earth with the mineral constituents of 

the vegetable matter used in the process, and together 

constitutes a valuable manure, especially for root crops. 

Liming» 

The use of lime is justly esteemed as one of the best 
means we possess for improving certain kinds of soils.. 
On many soils the addition of lime is followed by in- 
creased fertility, and in numerous cases the improvement 
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•effected in tbü manner is so strikmg, tkat vre casmot 
wonder at liming being at present ranked amongst tbe 
Standard Operations of agricaltnre. 

We hare remai^ed on a former ooeaaoti, that lime is 
reqnired for tbe growth of all kinds of cnltiTated plants, 
and, oonsequenÜy, is an indispensable constitnent of all 
cnltivated soik. Bat wbile lime is invwiably present in 
soils tbat admit of cnltiTation,tbe qnantitj of lime natural^ 
contained in tbem is often verj smail, and espeeiallj too 
small for tbe vigorons growtb of certain crops. Hence the 
addition of lime to soils of tbis description must obvioiL^y 
increase tbeir fertility. It is on soÜs of tbis kind tbat 
tbe most striking effeets of lime are dispiayed, especially 
wben, as is not nnfreqnently tbe case, a soil oontains in 
abundance all tbe materials reqnired for tbe growtb of 
plants, witb tbe exoeption of lune. In tbese cases, tbe 
addition of lime is all tbat is neoesauy to tram^rm a 
comparatively barren soil into one of snperior qnality. 
To a less extent, tbe use of lime on ordinary soils is 
generally attended by good effeets ; and even on Hme soils, 
tbat contain a large proportion of calcareoas material, tbe 
nse of lime of some otber sort, or from someotber district, 
is frequently benefidal. Hence we find tbat lime acts in 
the soil in sereral capacities. 

It not only acts as a direct mannre, by increasing tbe 
sapply of a material necessaiy for tbe growtb of nearly 
all plants, bat it sapfdies os witb one of tbe best means 
of altering the oondition of subetanoes already present in 
tbe soil, eitber by destroying or modifying sabstances tbat 
are objectionable and noxions, or by tbe conversion oi 
indifferent bodies into useful fertilizing materials. For 
instance, a soil wbose fertility is impaired by an excessive 
quantity of vegetable matter, as a peaty or boggy soil, 
may be relieved of this encambrance by a copioos dose of 
quick-lime. We bave already described tbe properties of 
lime, and it will be remembered tbat lime, like all alkaline 
<^r caastic sabstances, poesesses the property of rotting 
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«nd destroying organic matter of every sort. Hence, on its 
addition to soils of this description, it quickly diminishes 
tbe quantity of insoliible vBgetable remains. In speaking 
of tl^ properties of hiimiis, and other organic matters of 
tbe soil, we allnded to tbe well-known fäct tbat vegetable 
remaiDS, xtnder pecnliar circamstances, refuse to decay, 
and accomnlate to an injarious extent. Tbk kind of 
vegetaUe matter, popolarl j known as ^' sour bamus," is 
generally fonnd in andrained, or bnt imperfectlv drained 
Sind. To remove tbis sour bumus, Hme is generally 
employed, wbicb, by acting upon tbe insoluble vegetable 
matter, bastens its decay, and is said to ^ sveeten " tbe 
land ; as by decay tbese nvaterials fumisb carbonic acid 
and otber usefiil fee<üng materials for plants. Tbe lime 
tbus converts a noxioas ingredient into a soorce of fertility. 
Again, in tbe case of soüs tbat are infested mtb insects, 
a dose of lime is tbe least troablesome and most effectiye 
lemedy. 

One of tbe most useful effects of lime seems to depend 
on tbe cbanges it effects in tbe mineral constitnents of 
tbe soil, as in tbe last-described Operation of buming, tbe 
decomposition of tbe yario«is minerals of tbe soil is 
aceelerated, and silica, potasb, and otber useful food-con* 
stitnents of ptants set free. 

In considering tbe agricultoral raloe of lime, we mnst 
not forget its mecbanical effect on tbe soiL Wben applied 
in large qnantities to clay lands, it opena and loosens tbe 
dense masses of clay, and imparts a eertain amount of 
porosity and mellowness ; and by so dcHng opens tbe way 
to furtber improTement, by exposing a larger extent of 
sorface to tbe action of tbe atmospbere. 

Tbus we percdve tbe cbanges tbat can be brovigbt 
abont in tbe soil by tbe addition of lime are nnmerons 
and important, and in some measure acconnt for tbe bigb 
Taltie attacbed by some persons to tbis substance as a 
nanure. 

Tbe effeets of lime in tbe sdl, as above brieöy 
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enumerated, are most activelj exhibited by lime in ^ 
caustic or freshly-bumed state ; but also ia a less degree 
by lime in other conditions. Whenever practicable, it ia 
advisable to apply the lime io the state of bydrate, or as. 
slaked lime. We have already .desciibed the chemical 
properties of lime, and the changes it undergoes by 
buming and slaking. It will be remembered that one of 
tbe cffects of thcse Operations is to reduce tbe lime to a fine 
State of division, so that, apart from the superior chemical 
effects of slaked lime, by using it in this condition we gain 
A fui*ther advantage, from its peculiar mechanical form,, 
which admits of intimate admixture with the soil, and 
thus secures the füllest effect that lime is capable of 
imparting. In using lime in this condition, the lime is 
generally brought to the field in a caustic or bot state, 
and put up in small heaps, loosely covered with earth. 
In the course of two or three weeks the lime is completely 
slaked and falls to powder, which can now be easily spread 
over the land. 

The quantity of lime applied to the land in this. 
manner will, of course, vary with the purpose it is in- 
tended to serve. K the lime is employed for a special 
object, as, for instance, to remove the excess of organic 
matter from old pastures when broken up, a copious- 
dose of lime will be necessary ; but where the soil has 
become deficient in lime, and an additional quantity i& 
added, to act as a direct manure, a much smaller quantity 
suffices. Much difference of opinion exists amongst 
practical men as to the best System of Urning the land* 
While some persons recommend a large dose at lon^ 
intervals, other persons think it better to use a smaller 
quantity more frequently. Theoretically,we should think 
that, provided no reasons exist to the contrary, small 
doses at short periods would be the better System for 
obtaining the füllest effect of lime ; since it is well 
known that everything applied to the land exhibits a. 
tendency to sink in the ground, and bury itself beyand 
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ihe reacli of the plants. The following table exhibits the 
-quantities of lime applied ia different districts : — 

•<5ÜANTITY OF LIME APPLIED PER IMPERIAL ACRE 

IN DIFFERENT DISTRICTS. 

Busheia. Years. ^^yw!" When applied. 

Hoxburgb 200 eyery 19 or 10^ To the fallows 

Ayr(Kyle) 40 „ 5 „ 8 Ditto, ditto or lea 

Carseof Stirling. . .. 50 „ 6 „ 9 ditto 

'South Burham .... 90 ,, 12 „ S^ ditto 

Worcester 70 ,, 6 or 8 ^, 10 Before grasses & tares 

It is found in practica that difierent sorts of lime act 
very diüerently when applied to the soil ; in other words, 
the lime produced from one kind of limestone will 
be found to produce superior efiects to that made of some 
other sort of limestone rock, although, perhaps, this latter 
contains quite as much real lime as the former. Hence it 
is clear that the increased fertility following the applica- 
tion of lime to the land is not always entirely due to the 
real lime it contains. Moreover, the £Eict above referred 
to — vlz., that on certain soils resting on limestone forma- 
tions, and containing abundance of lime, the addition of 
lime of some other sort is often highly beneficial — compels 
US to seek for some other explanation than that afforded 
by the known effects of real or pure lime. 

We must bear in mind that the lime produced from 
any natural source is not, chemic£dly speaking, pure lime, 
but a mixture of pure lime with certain foreign matters 
in greater or less abundance. These foreign substances 
are found to materially influence the effects ofa particular 
jdnd of lime, and often account for its superior or inferior 
quality. Of these impurities of limestones the more 
common are sand, oxide of iron and alumina, magnesia, 
4&C., which to some extent affect the value of the lime 
made from it ; but the agricultural value of limestone is 
chiefiy regulated by other materials, generally present in 
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mach smaller quantities ; indeed, in qnantities so small, 
that uniil oomparativelj latelj they were alt<^iher over- 
looked. Amongst tbese we may mention phosphoric 
add, sulphoric add, the alkalies potaah and soda^ ^bc. As 
these substanoea are all valoable fertilizing materials, we 
can no longer wonder tbat a limestone containing small 
yet appreciable quantities of tbem shonld produce a lime 
that exerdses a better effect on the soll than a porer kind 
of lime free of these materials ; and it most be remem- 
bered, that although the quantity of these more predous 
Bubstanoes is amsdl oompared with the bulk of üme 
employed, yet, as large quantities of lime are often added 
to the landy the absolute quantity of the above-named 
fertilizing materials will be considerabte, and often eqnal 
to that contained in a dressing of fxrmyard manore. 
We annex some analyses of twx> or three well-known 
rarieties of agricultoral limestones. 

COMPOSmON OF LIMESTONES ÜSED FOK 
AGRICULTÜEAL PTJRPOSES. 

GveatOolitear <vm.h»uh Mountain 
Bath-Btone. ««»«■»• ümestone. 

Carbonate of lime 95*34 8919 96^5 

Magnesia '73 '77 2*28 

Oxide of ir«n aad alnmina .... 142 2*98 -67 

Pbosphoric acid '12 '18 — 

Equftl to bone earth ('26) {'36) — 

Salpbate of lime or gypsum. • . . '20 '24 — 

Solubkailica 1-01 1-211 -^ 

Ixuolnble BMid, Jtc. 1'16 6H ) ^^ 

100-00 100-00 100-00 

In nsinglime as a mannre, it must not be sapposed that 
other manures can therefore be dispensed with. Lime is a 
special manare, and performs in the soll an affi«e of its 
own sufficiently important to entitle it to a high place 
amongst manures ; at the same time, it onght nerer to be 
ttsed in place of farmyard manure. It is quite tme that 
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on ceitain fertile soils tbe additiou of lime without any 
other manure is all that is necessary to iosure abundant 
crops ; aud from thLs fact we migfat naturaliy infer, as 
many farmers have mferred, that lime is a Substitute for 
otlier manures. But this is a grievous erxxH*. Lime, by 
its stimnlating effect oa the soil, will for a time replace 
maxxxire, by exdting the seil to supply sufiicient material 
for the growth of sevecal suooessaTe crops; but this supply 
is effected. at the expense of the strength of the soil ; it i» 
dra^wiBg lipon its capital, and must soo&er or later feel 
the efiects cf this nndue exhauation. 

On the ol^a^^ hand, the opinion entertaiDed by some 
fanners of the exhaustive effeets c^ lime in all oases, and 
that therefore it oug^t not to be employed, is equally 
exToneoas. The fiict is, no ill efiects are likely to foUow 
the nm of Hme, piovicied other kinds c^ manure are sup- 
plied in proportion : it is from neglect of this principle 
that most of the failures expeiienoed in tbe use of lime 
are to be attributed. Lime ought never to be applied at 
the same time with other manures ; it is advisable to put 
off the application of other manures as long as possible to 
land that has been recently limed. This precaution is the 
more necessary in the case of manures that contain com- 
binations of ammonia; since,as we have seen, lime Hberates 
ammonia with the greatest ease from all its combinations. 
Hence the simultaneous application of lime and farmyard 
manure would probably be attended with a consdderable 
losä of fertilizing material. No fear of loss need be enter- 
tained from this property of lime afber it has been exposed 
in the soil for two or three months, as by this time all the 
caustic lime will have become carbonate of Hme, and have 
lost its more active properties. 

Ma/rl, Chalk, Shell-sand, dhc, 

It is not always expedient nor practicable to apply lime 
to the soil in a caustic or burned State : in these cases 
other forms of lime must be resorted to ; as marl, chalk, 



144 AGBICULTUBAL CHBXISTET. 

shell-fiand, and even limestone rock. All these materials act 
in a similar monner as bumed lime, but in a less vigorous 
•degree, and at a much slower rate. Moreover, these siib- 
Btances are found to vary in composition^ and consequently 
in their agricnltural value, even more tban limestonea 
Marls especially are found of all degrees of fitness for use 
as manures, some of tbem being particularly rieh in fer- 
tilizing materials. The mecbanical form and condition of 
inarls greatly add to their valae as means of improving 
the soll ; but as the number and varieties of calcareous 
mixtures, locally called marls, are very great, it is quite 
impossible for us to enter into any details respecting theoL 
The yalue of all these materials, apart from dependiog 
on tbe lime they oontain, will generaUy depend on the 
Proportion of phosphoric acid, the alkalies, and other 
essential mineral-food constituents of plants ; and, in 
conclusion, we may remark, that their agricultural valiie 
•can in most cases be ascertained by a complete and 
rigorous chemical analysis. 

COMPOSITION OF A FEW CALCAREOUS MATERIALS 

USED IN AGRICÜLTÜRE. 



Olay and insoluble ) 
matter j 

Carbonate of lime . . . . 

Oxide of iron and alu- ) 
mina j 

ISf agnesia 

Phosphoric acid 

Sulphuric acid 

Potash 

Soda 



CHALK. 


A marl of 

the West of 

England. 


SheU Sand 

from 
Comwall. 


Lower. 


Upper. 


2-04 


1^46 


22-80 


12-12 


96-51 


97-20 


73-80 


80-08 


•55 


1-05 


•78 


1-6S 


•25 
•07 
•81 
•08 
•19 


•06 
•04 

•17) 
•02/ 


•82 

• 4 

1-54 

trace 


317 
•23 
•93 

-31 



lOOüO 10000 100-00 100-00 
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Chemical Means of Improving the Land. 

Of the Operations hitherto described, the greater niim- 
"her are in most cases employed as preliuiinary steps to 
the more direct improvement of the soil by the applica- 
tiou of manures ; and as the action of the various raanures 
is esseutially chemical, although a mechanical effect roay 
in Bome cases be exerted in a minor degree, they may 
con^eniently be considered under the above title, which 
also includes all those Operations by which some essential 
cbange is effected in the composition of the soil ; some of 
these Operations we are already acquainted with, as, for 
instance, Urning, paring and burDing, <&c. There remains 
for cor consideration a most important division of our 
sabject ; viz.— 

T1\A AppliccUion of ManwreB. 

The application of manures consists for the most part 
of patting back into the soil an equivalent for what has 
been taken from it in the shape of cultivated produce. 
But this is not all we can do by means of manures : we 
can. also add more material^ and other mateiials, than 
the soil already possesses ; and thus, hj altering its Con- 
stitution, endow it with new qualities and capabilities, 
so as greatly to increase its productiveness. If a soil is 
natorally deficient of some material required in the deve- 
lopment of a particular crop, this crop cannot be success- 
fullj cultivated ; but if we add the requisite material, the 
soil will now be capable of producing the desired crop, 
It oflen happens that soils possessing most of the 
characters of fertility, are yet defective, from an insuffi- 
cient quantity of one or two essential constituenta ; by 
adding these constituents» and thus increasing their pro- 
portion in the soil, the defect is at once overcome, and 
the quality of the land greatly improved. 

Amongst the soils usua]ly met with, few of them can 

L 
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be called complete soils, or are capable of produciog 
several kindä of crops with equal degrees of vigour and 
abondanoe; in most caaes, tbe soll ia natorallj b^ fitted 
for tbe growtb of a particular fiimily of pkots, wbicb u 
often indicated by tbe wild plaats tbat fioonirii upon it. 
Tbia uneqaal capabiHty of aoils is dependent on t^ pro- 
portions of Üieir conatitaeDitB ; and, generally speakk^ tbe 
q)eciea of plaats tbat most deli^t to grow <»i a partkalar 
kind of Boil oontain minend constituents wkoae rekÜTe 
abundanoe oorxespondEi wiib tbat of tbe conatituents of 
tbe soil in wbidi tbey ace found to floarisb, and wbicb 
ve may tbeiefiore £sdily C(Hiclude is most &?ourable to 
tbeir growtb. 

For tbis reason, eadi kind of soil commooly met with 
favours tbe growtb of a particular crop, or is b^ter 
adapted for raising one kind of produce tban anotber. 
For instance, day soils will produoe abundant crops of 
wbeaty while tbey are scarcely capable of yielding a good 
crop of tumips ; tumips, again, will flourisb in ligbter 
soüsy tbat are unsuited for wbeat ; wbile Hme soils are 
particularly favourable to tbe growtb of legaminous 
piants ; as clover, pease, &c. A complete soil, on tbe con> 
trary, is one tbat will produce witb almost equal Inxari- 
ance every kind of ciütivated crop. In a soil of tbis 
kind tbe constituents are so proportioned tbat neitber of 
tbem abounds to so great an extent as to interfere witb 
tbe vigorous growtb of any kind of plant, wbile, at the 
same time, every material required by eacb cultivated 
plant is present in sufficient quanlity to admit of its 
loxuriant growtb. A soil of tbis description may be 
called a perfect one ; and were all soils of tbis cbaracter, 
tbe farmer migbt raise bis corn and rear bis cattle witb 
as mucb ease as some persons Ignorant of agricaltural 
pursuits seem to imagine. But, as most of us know, 
soils of tbis kind are seldom met witb in practice ; tbe 
cbaracters of tbe soils nsually cultivated by farmers, are 
in most cases remote from tbese qualities, and require 
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careful manBgement to rake from them sufficient produce 
to pay expenses of cultivation. It is, however, tke object 
of an advanoed System of agriculture to alter and im- 
prove tbese defective soils, to extend their capabilities, 
and increase tkeir prodoctiveness. Thjs can only be 
acoomplished by perseverance in the employineiit of 
soitable mechaniciä means of improYement, and in tbe 
judicious ap^cation of mannres. 

In theory, we may canv«rt any defective soll into a 
f^rtile and complete one by tbe additioti, in proper quan« 
tities, of tbose xnaterials it is defici^it in ; and, on a small 
Scale, we may carry oiit tbis tbeory in pracfcioe. For 
instance, we may make a garden on any kind of soil, an<i, 
by tbe addition of proper matenals, soon prepare a fertile 
moQld, capable of produdng in Inxnnance every kind of 
plant of wbose growtb tbe cUmate will permit. But in 
practice on a large seale, as -on tbe land of our farms, tbe 
case is very di^erent. Tbe alteration we oan e&&ct in 
the cbaracter of tbe land in tbis manner is limited by 
considerations of £. 8, d. ; tbe question in tbese cases is, 
not wbat can be done, but wbat oan be done to pay. 
Tbe extent of seil in our fields being so vast, tons of 
material being required to produce tbe least appreciable 
cbange in tbe composition of ^he soil, alteration to tbe 
same extent as in tbe case above referred to becomes 
whally impracticable. At tbe same time we must re- 
member tbat, by a prolonged oourse of skilful cultiva- 
tion, immense improvement may be effeoted, and bas 
been efifected, in several parts of tbis oountry. 

Sinoe tbe term Mannre, in tbe sense nsually nnderstood, 
indndes a great number of different substances, most dis- 
omUar in their propeities and the effects they exercise 
on tbe land, it will be proper to adopt some system of 
Classification, in considering tbis most important division 
of Agricultnral Cbemistry. Farmyard manure, super- 
pbospbate of lime, soot, lime, marl, <kc., are all called 
suainreB ; yet tbe effects wbicb tbese substances severallv 

L 2 
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exercise on the soll are widely different. — the only pro- 
perty they possess in common being, that they are all 
more or less useful in promoting tbe growth of plants. 
We will consider these mateiials under two heads ; — Ist. 
Tliose substances provided by Nature as manures. Tbese 
will cliiefly consist of tbe solid and fluid excrements of 
animals, or a mixture of tbese witb vegetable substances, 
as used in farmyard manure. 2nd. All tbose materials 
known as artificial manures ; as bone-dust, superpbospbate 
of lime, guano, nitrate of soda, &c. Amongst tbese we sball 
also indude refuse material; as wool-refuse, gas-liquor, 
sugar-refuse, &c. Manures may furtber be divided into 
two classes, — Ist, tbose called general manures, wbicb add 
to tbe general fertility of tbe land, as farmyard düng, and 
otber mixtures ; and 2nd, tbose manures wbicb act only 
on particular crops, or are used to perform some special 
purpose in tbe soiL Hence tbey are called s})ecial 
manures ; as bone*dust, gypsum, nitrate of soda, sulpbate 
of ammonia, &c, 

Iv will be well to begin witb farmyard manure, since 
tbis material unquestionably bolds tbe first rank amongst 
all kinds of manures. 

Farmycurd Momure, 

From tbe earliest periods (Ä tbe bistory of agricultnre 
to the present time, tbe material most employed for 
inrparting fertility to tbe land, bas been tbe mixture of 
tbe solid and liquid excrements of domestic animals and 
various kinds of litter, known as " muck " or *•' düng ;" 
and even at tbe present time, wben tbe art of tilling tbe 
soll bas attained a bigb degree of excellence, and involves 
tbe use of numerous artificial manures, — of wbose powers 
exaggerated notions are frequently entertained by un- 
initiated j)ersons, — ^tbe old-fasbioned and bulky material 
— düng still occupies tbe first place amongst manures. 
Tbis must necessarily be tbe case, because farmyard 
Tnauure is tbe natural source, and tbe most economical 
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one, on whicli the farmer can relj for sustaining the 
fertility of his land. 

In speaking of the products of vegetable growth, we 
remarked that the food of auimals consists of mixtures 
of the vegetable principles called woody fibre, starch, 
sugar, gluten, and other Compounds, prepared by plant» 
for the nourishment of animals; and that when these 
mixtures are received into the bodies of animals, some 
of the above Compounds they contain are consumed in the 
lungs to produce the requisite animal heat, and are hence 
called " heat-giving " principles ; while a leßser and choicer 
portion is disposed of in buüding up and renewing the 
moscles and sinews exhausted by exercise and labour. 
Hence, these Compounds are included under the general 
term of " flesh-forming " materials. When the Compounds 
of this latter kind have performed their appointed office, 
— have taken their share in supporting the functions of 
animal life, — they are in their tum dismissed from the 
Position they had occupied in the animal frame, and now 
seek to retum to the condition they occupied before 
being manufactured by the plant. In other words, the 
flesh-forming materials of the food having become part of 
the flesh of the animal, are again removed (in consequence 
of the unceasing process of decay and renewal common 
to all grades of animal life), and finally are expelled from 
the System in the solid and liquid excrements. These 
substances consist of the same ultimate constituents as 
the food from which they have been formed, but dif- 
ferently arranged, or, generally speaking, merely grouped 
together in simpler combinations or smaller parties. 
The solid excrements also contain the undigested portions 
of the food with other solids, that can be removed from 
the System by no other. means. So far from this matter 
being repulsive, as imagined by some fastidious persons, 
it displays to us, when viewed philosophically, the beauti- 
ful circle of Operations necessary to the existence of animal 
and vegetable life. 
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Thus we may condade that all the mateinds cf tka 
food consumed bj an animal are again retnmed eitb^r to 
the atmospbere tbroQgb its lungs» in the breatb, or, vitb 
tbe exception of a smaU quanüty carried off by the 
skin, to the earth, in the shi^ of the soM and fluid 
excrements. 

The nrine of animala is by &r the more valuaUe portion 
of their excrements. It oontains the greater portion of 
the nitrogen originally present in their food. It wiH be 
remembered that the nonnshing power of food is in a 
great measore dependent on the amoant of nitrogen it 
coutains. This is becaose the nitrogen is the xnore 
esaential constituent of the nooriahing principies of food 
The same Standard can be apfJied to a large dass of 
manuring sobetances. In these cases the vidue of the 
manure, or the food of the i^ant, is also dependent on the 
amount of nitrogen it contains ; because, l^ decaying in 
the soil, all this nitrogen will be converted into ammcHiia 
— a substanee, it will be remembered, that ia one of the 
most valoable feeding materials for planta. For this 
reason the nrine of animalfl is a most TaluaUe manuring 
eubstance, far more Taluable than the solid excrement^ 
which contain mach less nitrogen. On the same priaciple 
that we are too often regardless <^ the pemicious sub- 
stances we may inhale with oor breath, becanse they are 
invisible, so, in a less degree, we think less o£ the fluid 
manure at our disposal, beeause it presents so OMich leas 
to our sight than the more bnlky, but far less v^uable, 
«olid düng. Every care shoold be taken by the &irmer to 
preserve the urine of bis cattle from waste, sinoe, in 
addition to the valuable properties it possesses, in virtue 
of the nitrogen it contains, other matmals, highly valoable 
as fertilizing agents, are present. The nitrogen present 
in urine exiats in several diflerent combinations, called by 
chemists urea, uric add, hippuric acid, &c, ; bat these 
compoimds are all so £Eir alike, that by spontaneous decay 
all the nitrogen they contain separates in the form of 
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anuoaoiiia, wMch escapes into the air, ualeas measurea be 
taken to prevest its doing so. It is from thia somrce 
that the ammoma alwajs present in the atmosphere of 
8table% as noticed in a former c^pter, is derired. The 
urine of the horses that is not absorbed by the litter, is 
quickly decomposed, and evolves free ammonia, or, to 
speak more correctly, carbonate of ammonia. Of course, 
the ammonia, liberated in this manner, is at the expense 
of the mannre produced in Stahles ; and although a con- 
siderable proportion of this ammonia may be recovered 
by the means noticed in speaking of the properties of 
ammonia, yet, however efficient these means may be, a 
p<»rtion of it will always escape and be lost. This is one, 
amongst other reasons, why the mannre produced by 
feeding . cattle in boxes is saperior to that prepared in 
any other way. By this System the urine is completely 
retained in the litter, and little of it- wasted either by 
drainage or Separation into volatile ammonia. As we shall 
presently learn, the ammonia produced by the decom- 
position of uriue does not escape when this decomposition 
proceeds in the substance of a maas of solid manure and 
litter, as in a dung-heap. It is only when exposed alone 
in its fluid condition that its fermentation is attended by 
any consideraHe loss of ammonia. In addition to the 
<M>mpoimda of nitrogen above described, which all jrield 
by decomposition the valoable ammonia, other Com- 
pounds of mineral origin, and nearly as yaluable, are 
4dso pres^it in urine. The properties of phosphorus and 
its combinations, as fertilizing materiak, have already 
been noticed ; and it was remarked, that the value of these 
eomponnds is the greater when they oocur in a form that 
is soluble in water. In urine a large proportion of these 
soluble Compounds of phosphorus exists. Hence, on this 
account alone, it should be highly prized as a manuring 
material. Again, potash, with other mineral subtstances 
of more or less fertilizing value, are also present in oon- 
iüderable proporticm. In urine these solids are dissolved 
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in a large quantity of water, and for this reason cannol; 
bo recognized bj our unaided senses. In order that an 
idea may be formed of tbe composition of urine, we sab- 
join an analysis of the urine of the more common domestic 
animals. 

APPROXIMATE COMPOSITION OF THE URINE 

OF THE 

Horse. Cow. Shcep. Pig. 

Water 890 .. 920 .. 865 .. 975 

ContHining nitrogen, ca- ) 
pable of yieldiDg of am- [ (16-) .. (9) .. (17*) .. (4-> 
monia ) 

^"^ILw^l^f....!^^^^^^ (-7) •• (-48) .. (1-25) 

1000 1000 1000 1000 

By tbe above analysis it will be seen that the composition 
of tbe urine of different animals varies exceedingly ; atthe 
same time, it must be understood that the composition of 
the urine of animals of the same kind is by no means 
coustant, being subject to Variation from a number of 
causes ; as for instance, from age, sex, the quality and 
quantity of food consumed, condition of the animals, &c. : 
the above results may, however, be accepted as fair ap- 
proximations to the average composition of the urine of 
each of the species of animals named. 

The solid excrements consist of tliose portions of the 
food unfit for assimilation ; consisting for the most part of 
Woody fibre, as well as of other insoluble mateiials of the 
food that can only be removed from the System through 
this Channel. The composition of the solid excrements 
of different kinds of animals varies to a still greater 
extent than that of the urine above described ; moreover, 
the mechanical form of these substances materially in- 
fluences their agricultural value, as it is on this circum- 
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stance that the facility with which they undergo decay" 
chiefly depends, and consequently that regulates their 
fitneas for particular purposes. The average composition 
of the solid excrements of our domestic animals may h& 
tbus stated : — 

APPKOXIMATE COMPOSITION OF THE SOLID 
EXCREMENTS OF THE 

Horse. Cow. Sheep. Pigr. 

Water 760 .. 840 •. 580 .. 800 

Orgauic matter, woody por- ) 

tions of foüd, and other [ 210 .. 136 .. 360 .. 170 

insoluble matter j 

Containiog nitrogen, ca- ) 

pableofyieldingofam-[(6-10) .. (3-6) .. (9-02) .. (-73) 

monia ) 

Mineral siibBtances, coosist- ) 

ingof insoluble salts of^ 30 .. 25 .. 60 .. 30 

food ) 

1000 1000 1000 1000 

Of these materials, in a fresh condition, but a smalL 
Proportion is soluble in water : for this reason they are- 
less valuable than the liquid urine. Again, they contain 
less nitrogen that can yield ammonia, and the more 
valuable mineral fertilizing elements are not so abundanti 
as in urine. By exposure to the air and moisture, these 
substances also enter into putrefaction, and liberate the 
nitrogen they contain as ammonia ; at the same time, these 
insoluble constituents are rendered soluble^ and conse« 
quently more valuable as maniu'ing agents ; — hence these 
substances become more valuable after fermentation or 
incipient decay, provided this fermentation takes place in 
a mannei^ that prevents the escape of the am monia 
liberated during the process. We also Und in the solid 
excrements substances that are absent, or nearly so, in 
the urine, — as for instance, lime, magnesia, silica, &c. ; and 
as these substances, like the more valuable phosphoric. 
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«cid, ammouia, 4c., must be regarded aa indispeitsaUe for 
the healthy growth of plants, we pereei?e that the 
solid and liquid excrements oi animals are best adapted 
and evidently intended to be nsed together aa a manure — 

the oue substance containing what is defid^nt in the 
other, while together they contain every mateiial re- 
qiüred for the growth of plants. When both of these 
substances are present, distribated through a poroos 
mass of vegetable material, as straw or litter, they con- 
stitute the mixture known as farmyard manure, — the 
most complete, most valuable, and only perfect manure. 
Whatever assistance the farmer may derive from the use 
of artificial manures, he should rely only oa his £surmyard 
manure for supporting the fertility <^ his land ; sinoe this 
substance orUy can retum to the land cdl the materials 
removed from it by cultivation. From the nmaber of 
its constituents, the naturally farourable arrangement of 
these constituents, and the pecuüar mechanical condition 
in which they occur, and its low price, we are justified in 
considering farmyard manure as the most valuable of all 
fertilizing materials, and superior to any artificial mix- 
ture that we can obtain at the same cost. Persons nn- 
acquainted with Agricultural Chemistry or with practica! 
farming, are apt to form extravagant notions of the 
power of artificial manures ; they seem to think that 
by the use of a small quantity of odorless, cleanly, dry 
powder, the more bulky and, to them, offensive farm- 
yard manure may be ^pensed with. It need searcely 
be Said that such is not the case ; — no amount of artificial 
manures, however skilfnlly mixed and prepared, can ever 
imitate farmyard manure, or be used in Hs place. At 
the same time, it must be recoUected that in tbe hands 
of skilful farmers, artificial manures are valuable, nay, 
at the present time, indispensable additions to*£ftrmyard 
manure for the growth of certain crops ; but in all cases, 
as before observed, these substances will be of minor 
consideration, and the chief resource on wMch the &rmer 
must depend for the growth of his crops and the rearing 



MEAKS OF BESTOBINQ EZHAX7STSD SOILS. 155 

of bis cattle will be £eurmyard manure, or, to call it by its 
old Englisli name, düng. 

In the production and maoagement of tbis important 
material, great errors are often made, and corresponding 
losses incorred by farmersL Many men thoroaghly 
practical in other re^>ects, do not nnderstand the man- 
agement of Srnnyard ma&uFe, and bave yet sometbing 
to leam in tbia department of agricultmre. Tbat tbis 
matter sbould not be properly i^iderstood, is not sor* 
|»rising wben we leam tbat tbe management of dang 
depeiHk npoB oertain cheoäcal principles oaly recently 
made ont. TJntil qmte lately, Uttle was known oonoeming 
the changes &rmy>rd manure Tmd«(goes during ferment- 
ation, and stiU leas of the r^tive merits of tbe different 
modes in nse for the produetion of tbis important 
material. 

Tbis matter is now tborongbly espkined, and tbe 
chemical ebanges inyolved in the Operations clearly made 
OQt ; wbile the Petent to wbieb tbese ebanges are regu- 
kted in different Systems of manasfememt bas been 
rigorously detennine<r 

This important inTestigation has been lately completed 
by Dr. Voelcker, and the resuhs bave been pnblished by 
him in a recent volume of the Jourrud of tke EoyaZ 
AgricfuMv/ral Societp. Tbis investigation, carried out by 
means of practical experiments on a large scale, as well 
as by tbe more delicate Operations of reüned chemical 
analysis, will no doubt confer great benefit on the agri- 
cultural Community, and cannot fail to be duly appre- 
ciated by every one who is interested in tbe progress of 
agriculture. 

In tbe carrying out of tbis investigation in the labora- 
tory of the Royal Agricultural College, I enjoy tbe honour 
of having contributed a bumble part, and am therefore in 
a Position to speak confidently and from personal expe- 
rience on the facts adduced in the foUowing description 
of the ebanges farmyard manure undergoes by keeping ; 
and it is boped tbat tbis description may not be unworthy 
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of the attention of practical men, who may, we tTiinlq^ 
gather froin it hints tbat will be of Service to them in tha 
treatnient of farmyard manare. 

Farmyard manure, condisting of the solid and liqoiii 
excrements of hoi'sea, cows, and pigs, mixed with the atraw 
used as litter, is found to be a mixture of most uDcertaia 
com|X)sition. This abseuce of uniformity arises from the 
ÜBLCt that thia material is exposed to Variation fronot m&ny 
aourcesy the inore prominent of which may be thus eouioe« 
rated : — 1. The quantity and qnaUty of the food suppüed 
to the animals that produce it. 2. The relative number 
of animals of one spedes that take part in its prodactioo. 
3. The age of these animals. 4. Their breed and coodi^ 
tion. 5, The quantity*and quality of straw nsed in the 
manufacture of the manare. On account of these cmr-- 
cumstances scarcely two samples of farmyard manure aat 
be found alike, yet on any one farm where a pariicolar 
System of feeding and management is followed, the rnaxuuv 
produced will be tolerably uniform; and all samples o£ 
farmyard manare, wherever and however produced, are so 
far alike that the foUowing general remarks will appi^ 
with equal force to all. An average sample of firesh &Lvnt* 
yard manure, or long düng, was found to consist of, — 

GENERAL COMPOSITION OF FRESH LONG DUNG 
(COMPOSED OF HORSE, COW, AND PIG DUNG). 

In Natural State» 

Wftter 6617 

Solable organic matter *•• .. .. .. 2'4S 

Soluble inorganic matter . . . . . . 1 *54 

iDBolable organic matter t .. .. .. 25*7$ 

iDsoluble inorgaDic matter .. .. .. 4 '05 

100-Oft 

i* Containing uitrogen .. .. .. *149 

Eqaal to ammonia .. .. .. *ldl 

•{• Containing nitrogen .. ., ., '494^ 

Equal to ammonia . . . . . . •599' 

Total per-centage of nitrogen . , . . -645 

Eqaal to ammonia .. .. .. «XSO« 
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Or, to be more precise, in 1001b. of the material were 

COIVIPOSITION OF FRESH FARMYARD MANURE (COM- 
POSED OF HORSE, PIG, AND COW DUNG, ABOüT 
i-OURTEEN DAYS OLD). 

Detailed Composition of Manure in NcUural Siate, 

Water 66-17 

^1 üble organic matter * .. .. .. ,. 2*48 

Solnble inorganic matter (ash) : — 

Soluble silica -237 

Phosphate of lime .. .. .. *299 

iLime -066 

Magnesia .. .. .. .. .. *011 

Potash -573 

Soda .. .. -051 

Chloride of sodimn . . . . . . *030 

Sulphuric acid .. .. .. .. '055 

Carbonic acid and loss . . . . . . '218 



1-54 

Insoluble organic matter + .. .. .. .. 25*76 

Jnsoluble inorganic matter (ash) : — 

Soluble silica . . . . . . . . *957 

Insoluble silica . . . . . . . . '561 

Oxide of iron, alumina, with phosphates '596 

Containing phosphoric acid .. .. ('178) 

Equal to bone earth . . , . » . ('386) 

Iiime ,. 1-120 

Magnesia .. .. .. *. .. '143 

Potash -099 

Soda -019 

Sulphuric acid .. .. •• .. '061 

Carbonic acid and loss . . . . . . '484 



4-05 



lOO'OO 



* Containing nitrogen .. .. .. '149 

Equal to ammonia . . . . • . '181 

^Containing nitrogen .. .. ,. '494 

Equal to ammonia . . . . . . '599 

Whole manure contains ammonia in 

free State .. .. .. '034 

„ „ in form of salts '088 
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Bj an examinatio& of the foregoing analysis we kam 
that fresh &rmyard manure contains all the matmals 
required for the growtli of plants. Organic matter is 
present to supply carbonic acid and ammonia, also mineral 
substaiices of every description that are in any way con- 
nected with Vegetation ; phosphoric acid, potash, lime, 
soda, silica, all are preeent. It is chiefly ibr iMa reason 
that farmyard manure merits the title of the only com- 
plete manure. Yet by other qualities its Claims to this 
distinction are still further supported, the principal of 
these being its peculiar mechanical form, the porous, 
bulky condition in which it usually occurs. As this quality 
is more prominent in fresh farmyard manure, recent dang 
is geneially to be preferred for application to heavy clay 
land, where every means of loosening the soil is to be 
eagerly sought for. When applied in a fresh condition in 
Autumn to soils of this description, it greatly assists the 
action of frost in mellowing and loosening their mechanical 
texture. 

By the above analysis we also perceive that of the 
numerous substances which enter into the compodtion of 
fresh farmyard manure, but few are aoluble in water, 
the greater number being insoluble in water. We also 
notice that in many instances the same substance is 
present both in a soluble and insoluble condition. 

As we are already aware, a substance must become 
soluble in water before it can be received into the Organ- 
ization of plants. In this manner we can account for the 
well-known fact that fresh farmyard manure seldom exerts 
any immediate effect in promoting the growth of plants. 
As we shall presently see, the principal transformation 
efiected in düng by fermentation in masses or on decay in 
the soil, consists in rendering these inscduble matters 
soluble, in which condition only they are capable of 
exerting any beneficial action on plants. 

We now State the composition of well-rotted manure, 
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or ahort dtmg. An average sample, about six months old,. 
was found to consist of : — 

COMPOSITION OF ROTTEN DUNG. 

JktoiUd CompotUion of Mamurt tn a Natwral State» 

Water 75*42 

Solnble organic matter * 3*71 

Soluble inorganic matter (ash) : — 

Soluble silica . . . . . . , . '254 

Phosphate of lime *382 

Lime .. .. .. .. .. *117 

Magnesia .. .. *047 

Potash .. *446 

Soda .. ., -023 

Chloride of sodiiim .. .. .. '037 

Sulpharic acid *058 

Carbomeacid.andkMs *106 

1-47 

Insolable orgaaie matter 'f< . . . . . . .. 12*82 

Insoltible inoi^gaiuo matter (ash) : — 

Soluble silica 1*424 

iDSoluble silica .. .. .. .. 1*010 

Oxides of iron and alumina, with phos- 

phates *947 

Coataisiag phosphoric add . . (*274) 

Equal to bone earth (*573) 

Lime 1*667 

Magnesia . . . . . . . . . • '091 

Potash .. .. .. .. .. *045 

Soda '038 

Snlphnric acid '063 

Carbonic acid and loss 1*295 

6 '58 



100*00 



* Containing nitrogen . . • . *297 

Equal to ammonia . . . . *360 

t Containing nitrogen '309 

Equal to ammonia . . . . *375 

Whole manure contains ammonia in 

free State . . . . . . *046 

„ „ form of salts *057 
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Bj tbis analysis we peroeive that the constitiients of 
well-rotted düng are tbe same as those of fresh ; the difier- 
ence between tbem being chiefly determined by tbe condi- 
tion in whicb these constituents exist. The most striking 
difference is in tbe larger proportion of soluble materials 
present in rotten düng, notwitbstanding the large quan- 
tity of water it generaBy contains. On fariber comparing 
the composition of tbe two kinds of manure, we notice 
that tbis increased solubility is especially apparent in the 
more valuable nitrogenous Compounds, or those materials 
that yield by decay ammonia. Again, a greater pro- 
portion of tbe precious phosphate of lime, or bone maie- 
rial, is present in a soluble state than in fresh düng. On 
acquaintance with these facts we can no longer wonder 
that well-rotted düng should be more immediately e^ec- 
tive in promoting tbe growth of plants than in a fresh 
Kondition, as we now perceive it contains a mucb larger 
•quantity of both orgaüc and mineral food of plants, in a 
State that can at once be appropriated by the growing 
plants. The dense and more compact condition of well- 
rotted manure also favours the rapid supply of its 
fertilizing constituents to the roots of plants ; since a 
larger quantity of it will be within the reach of the roots 
of plants at one period. For tbis reason well-rotted düng 
is always to be preferred for application to root crops. 
On the whole we may conclude that well-rotted farrnyard 
manure is more valuable than the same weight of fresh. 
The next question to consider is, how much of a given 
weight of fresh manure is left after undergoing fermenta- 
tion and conversion into rotten düng ; in other words, 
bow much, and of wbat kind of material, is lost during 
the process of fermentation. 

It bas before been stated, that when animal or vegetable 
substances are removed from the inäuence of organizcd 
life, they spontaneously ferment, putrefy, or decay. In 
these natural processes, the materials composing the 
organic matter undergo a series of changes, which 



MEANS OP EESTÜRING EXHAUSTED SOILS. 161 

terminate iu their reconversion to tlie simple forms in 
whicli they originally existed, before they became part of 
ihe organized Compounds. 

"We have instanced decay and put refactionas Operations 
analogous to combustion or the destruction of organic 
matter by fire ; in either case the ultimate producta are 
the same, and the heat that accompanies either process is 
in direct proportion to the rapidity of chemical action» 
We may therefore regard the Operations of fermentation 
and decay as processes of slow combustion ; the only real 
difierence between them and combustion being one of 
time : the ultimate producta in each case are the same. 
It has also been remarked that the readiness with which 
organic substances enter into decay is generally regulated 
hy the number of materials of which they are composed. 
The more intricate their composition, the sooner they 
show Symptoms of decay. These preliminary remarks are 
necessary in order that we may understand the changea 
that take place during the fermentation of farmyard 
manure. 

In the mixture of animal and vegetable Compounds 
that we call farmyard manure^ circumstances are generally 
favourable for inducing the early stages of decay com- 
monly called fermentation, or more properly putrefaction. 
The complex materials of the urine are diffused through 
a moist, porous mass of substances exposing a large sur- 
face to the inclosed air. It is these Compounds belong* 
ing to the urine that lirst enter into putrefaction, and, 
in virtue of their property before adverted to, of exciting 
a tendency to change in other more permanent Com- 
pounds, fermentation soon becomes general through the 
mass. 

This fermentation is the more active the warmer 
the weather, heat being in every case conducive to the 
alteration of organic matter : a certain amount of moisture 
is also necessary to the healthy fermentation of düng. If 
the manure is too dry, the Operation is retarded ; while. 
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by an exceasive quantitj of vater, as wBen mannie is 
aUowed to soak in wet weather in jards, the process is 
entirelj stopped. Under &yourable circomstances, the 
fermentation of mannre will steadilj prooeed nntil it 
assumes the compact form and dark colonr of well>rotted 
er Short düng. 

During thia process the mannre is fonnd to sbrink 
mach in bulk and lose a great deal of its weig^t. The 
questions natarally occur to ns — of wfaat does tbis los& 
consist ) and what becomes of it ? In describing the 
destruction of organic matters bj fire, it has been said 
that the greater portion of their substance passes off in 
the shape of carbonic acid gas and water ; wbile the 
smaller quantity of nitrogen they contain is liberated in 
the shape of ammonia ; and the ash or the mineral sab- 
stances are lefl behind. The same remarks apply to the 
slower process of decay, the eariy stages of which we call 
fermentation or patrefaction. 

During the fermentation of mannre, a portion of the 
Woody fibre of the straw and other non-nitrog^ioos 
componnds, are converted into carbonic acid and water, 
which fly of^ while the larger portion of these materials 
is changed into the black poroas substance kwnuB, 
before described as forming a part of the soll. This sab- 
stance, or, to speak more correctly, mixture of substances, 
is always formed when organic matters suffer destruction 
by decay ; aud, as we shall presently leam, it performs 
an important part in the fermentation of farmyard 
mannre. The dark colonr of well-rotted dang is due to 
the presence of these Compounds. 

A grcat poi-tion of the nitrogen contained in the 
nitrogenous Compounds of the fresh manure is liberated 
in the form of ammonia, — ^the volatile gas so ofben referred 
to as one of the most useful of fertilizing materiala One 
would naturally imagine that this substance, being Tola* 
tile, would escape from the dung-heap during fermenta- 
tion. A poHion of it does escape, as may be proved by 
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a aimple experiment ; • but tbe quantity of ammonia that 
escapes in this manner is exceedinglj minute. The out- 
cry offcen raised about tbe wasteful loes of ammonia by 
the fermentation of farmyard manure^ and the necessity 
of employing cbemical means for avoidiug this loss, is 
based upon the supposition that all tbe ammonia liberated 
from tbe nitrogenoos compoimds of the manure escapes 
into tbe atmospbere ; but this is not tbe case. When 
fermentation is properly conducted, and the heap left as 
mucb as possible to itself, the ammonia liberated in the 
interior of tbe beap does not escape; or at least the 
quantity that does so — ^and that is sufficient to indicate 
the presence of ammonia by the test above named — ^is so 
small as to be altogether nnworthy of notice in practice. 
However adyisable it may be to employ cbemical means 
for fixing tbe free ammonia given off by manure under 
particular circumstances, as in stables and in some other 
cases, nothing of tbe kind is requisite during the fer- 
mentation of dung-heaps. Nature provides means of fixiiig 
the ammonia simultaneously witb its production. It is 
only in the hottest parts of the interior of the mass that 
ammonia is separated in a volatile state ; and this, in its 
passage towards the surface through the exterior and 
cooler portion of tbe heap, is intercepted and retained by 
the humic acid and other allied Compounds above noticed, 
■whicb, as we bave seen, possess in a high degree the 
power of fixing *mmonia. And as a further provision 
against loss of ammonia, another substance having a great 
attraction for it, called gypsum, is also formed from the 
sulphiir present in tbe manure. 

The mineral conatituents of the manure undergo no 

^ Made by holding in the steam escapingf from a fermenting 
dnag'heap, a strip of moistened red test-paper. This paper is dyed 
with a colouring matter which becomes red or blue according as it is 
exposed to the actioa of acids and aikalies : — the fact of the red 
colour belog tumed to blue in this case, proves the presence of 
ammonia, which is a strong alkali. 

M 2 
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less important cbanges during the process of fermentation. 
Tho Chief of tbese changes consists in their being readered 
more soluble in water ; and bence tbe fertilizing value is 
increased. The two more essential mineral constitnents 
of plants are sulpbar and phosphorus ; since one or both 
of these substances are required in the production of the 
flesh-forming principles of food : these two bodies are also 
present in the fresh excrements of animals, combined in 
certain organic Compounds. By putre&ction these Com- 
pounds are broken up ; and the sulphur and phosphorus, 
being liberated, again form new combinations ; amongst 
whidi are two gases called respectively phosphuretted and 
sulphuratted hydrogen. These gases, together with other 
more intricate volatile Compounds, fly off and give rise 
to the peculiar smell of fermenting düng. Only a 
minute portion of the sulphur and phosphorus escapes in 
this way; the larger portion of them is found in the 
rottcd düng, in the shape of phosphoric and sulphuric 
acids. 

Durin g the fermentation of düng, the fluid portion 
sinks to the bottom of the mass, and drains away, while 
if, as is generally the case, the heap is exposed to the 
weather, every shower of rain that falls adds to this 
loss, by washing out of the manure much soluble matter ; 
and since, by rotting, the manure becomes richer in these 
soluble materials, it is clear that unless some measures 
are taken to preserve these drainings, great loss is 
incurred from this source. 

The above description of the changes fermented manure 
undergoes by keeping, applies to the early stages of decay 
known as fermentation, or more properly as putrefaction. 
When these periods are past, and the manure has 
become fuUy ripe, or has attained its maximum value, it 
should at once be made use of, and added to the land ; 
since by longer keeping it becomes deteriorated, by under- 
going further changes, and soon becomes weakened and 
unable to retain all its fertilizing materials. 
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Prom the preoeding description of the fermentation of 
^irmjard manure, we gather the following facts :— * 

1. That the loss of substance sustained by farmyard 
manure during fermentation is caused bj some of its 
constituents escaping into the air in the shape of gases, 
and by other fluid portions that drain away, 

2. Those gases that escape into the atmosphere are 
comparatively of little value, since in most cases the 
pktBts to which the manure is afterwards applied will 
sufifer but little deprivation from the absence of these 
volatile matters, which consist for the most part merely 
of water and carbonic acid gas. 

3. On the contrary, that portion lost by drainage is 
^he most valuable portion of the manure, as it consists of 
ammonia, potash, phosphoric acid, and every other ma- 
terial valuable to cultivated plants. 

4. That ammonia, in any appreciable quantity, is not 
lost by escaping into the air, as is ofben supposed ; but 
that it is retaiued in the heap in combination with cer- 
tain organic acids, as humic acid, and other carbonaceous 
sabstances of the same kind, which are formed from the 
vegetable matter of the manure. That while this natural 
Provision effectually prevents loss of ammonia by evapora- 
tion, no protection is afforded against loss by drainage ; 
since many of these Compounds are soluble in water. 

ö. That these natural means of fixing ammonia can 
only act when the fermentation proceeds undisturbed, so 
that the ammonia liberated in the interior and hotter 
portions of the mass may pass into the cooler and outer 
layers, where it can be retained ; for this reason, the 
tuming of manure should be as much as possible avoided. 

6. When the active fermentation of manure has ceased, 
no loss of ammonia will now foUow exposure by tuming ; 
in £su:t, it may be spread over the land without fear of 
loss from this cause. 

Einally, manure, when properly rotted, should be at 
once used, since its value diminishes by further keeping. 
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From a consideration of tbe foregoing statement^ ve 
may arrive at tbe followiDg generaL deductions. 

Tlie use of farrnyard manure iu a fresh condition, or as 
well-rotted düng, will depend on tbe means at our dis- 
posal, and tbe land of land to wbicb we intend applying 
it. In tbe case of tbe soil being one of a heavy character, 
in wbicb additional porodty and looseness will be advan- 
tageooa, tbe best tbing we can do wben circamcitances 
permit, is to i^ply tbe fresb düng at once to tbe 
land ; and if we cannot at once plongb it in, spread 
it OTer tbe sur£EU)e. In doing tbis, no fears need be 
entertained of loss of fertilizing mateiials ; on the con- 
trary, by tbis means security from loss is almost insuied, 
sinoe in tbis disseminated State fennentation cannot pro- 
ceed, and everytbing separated by drainage is reoeived 
into tbe soil, wbere it is securely preserved until required 
by tbe following crops. In tbe application of dang to tbe 
land, tbe absorbent property of clay mast be rememberecL 
In speaking of tbe constituents of Üie seil, we mentioned as 
oneof tbe propertiesof clay^its power of retaining saline and 
otber manuiing substances, and preventing tbeir remoral 
&om tbe soll by beavy rain& If our soll contains any 
moderate qnantity of clay, we may avail ourselves of tlaa 
property, and spread manure over our £elds, and leave it 
in tbis State until we can conveniently plougb it in, feeling 
assured tbat anytbing wasbed out of tbe manure by rain or 
dew will be stored up in tbe soil as safely as if tbe manure 
itself were buried Wbile in tbis condition, no ammonia 
or any otber volatile matter of any value will escape. 

By at once adding manure in a fresb condition to our 
land, and afterwards plougbing it in^ we secure all tbe 
vegetable matter wbicb by fermentation is volatilized as 
carbonic acid gas. Ab befo« «marked, tlis loss in most 
cases is not wortb caring about, because soils tbat bave 
been ander cultivation for any lengtb of time generally 
contain enougb organic matter of tbis description ; but on 
new ground, — ^land containing but little bumua^ it may 



MEANS OF BESTOSING EXHAUSTED SOILS. 167 

in sQuie cases be advisable to avoid the loss of this vege* 
table matter. This cau bat be done by plougbisg iato 
tHe land the fresh or long düng. 

If the soll is not of a character to benefit by the 
Biechanical effeot of loi^ dang, — or in cases where fresh 
düng is un£tted for the crop we intend to raise, as, for 
instance, a root 6rop,^it becomes necessarj to ferment the 
laanore beiore applying it to the land. This Operation is 
best condacted in well-constracted waterproof pits, pro- 
-vided with a soond tank for receiving the drainage. With 
this tank a pump ahoold be connected, so that by suitable 
xneans the fluid draining^ znay from time to time be 
difiused throughoat the fenuenting manure. The qaestion 
-wliether the manore-pit should be roofed in or not will 
depend on the character of the manure produced on the 
&rm. I^ as is the case in certain districts, an excessive 
quantity of straw has to be disposed of by conversion into 
manare, the manure will often be too dry to admit of a 
proper fermentation : hence exposure to rain will be bene- 
ficiaL On the contrary, whea litter is scarce, and the 
manure is naturally wet, all additional moisture from rain 
is to be carefully aToided. The most complete method of 
keepingmanu/seemBtobemcoveredpits^comnxunioating 
with a tank, whence the requisite moistm*e can be supplied 
firoBi the fluid drainings, and applied to the manure as re- 
qoiced. In the construction of all reoeptacles of manure, 
espedal care should be taken that proper waterproof 
Ünings be used, to prevent loss by drainage. 

It has beeu shown that the loss incurred during the 
f&rmentation of manure is chiefly from di*ainage ; for this 
zeaaon manure-heaps should never be set up in situations 
where the drainings from them cannot be recovered. This 
iaict cannot be too well remembered by practical men, 
who so frequently neglect taking any measures to avoid 
this sottroe of loss» which is hx more considerable than one 
would naturally suppose. "No object is more common in 
agcLCultoral districts, than a manure-heap standing by the 
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aide of a lane, or on a piece of waste groand, where ncr 
Provision whaiever exists for coUecting the diainings. 
The rieh black drainings trickle away to a neighboanng 
ditch or pool, and often raise a fine crop of weeds, whose 
seeds being carried to the sarrounding fields, produce an 
uninvited crop, for the destraction of which a fdrther loss 
in labour has to be endnred. These drainings that SLow 
from dung-heaps may, without exaggeration, be called the 
essenee of the manure. After heavy rains, the quantitr 
of valuable matcrial waat^ni in this ^yT^ry g^t. and 
for this reason too mnch care cannot be taken to preserve 
the fluid portion of mannre ; 'and if no means exist for 
keeping manure in pits, it should at onoe be carted to the 
field whcre it is intended to be used, and whenever 
practicable, at once spread over the land instead of setting 
it up in a heap at one comer of the field; but where this is 
unavoidable, the surrounding earth should be heaped up, 
to absorb as much as possible of the drainings. The 
quantity of fertilizing materials that sink into the ground 
around and under a dung-heap, is often pointed out to us 
by the increased luxurianoe of the plante growing on the 
spot where, even some years before, a dnng-heap stood. 

When manure is spr^Miover theland, there is no neoessity 
of immediatelyploughingit in ; indeed, it is highly probable 
that, by not doing so, the soü is more evenly manured ; 
the soluble fertilizing materials contained in the manure 
are washed out by the rain, and distributed more uniformly 
throughout the substance of the seil, and, as before 
remarked, on soils that contain a fair proportion of day, 
no anxiety need be feit for loss of manuriug substances 
by this course of procedure. On the oontrary, in sandy, 
light, or hungry soils, that possess very little retentive 
power, the manure should be added in a well-rotted 
condition, and not be applied sooner than is absolutely 
necessary ; since every shower of rain will carry off a 
portion of the mannre intended for the crop. On soils of 
this description, the best system of manuring seems to be 
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±he application of small bat frequeut doses. As before 
noticed; it is chiefly for tbis reason tbat tbe System of 
liquid manuring succeeds best in ligbt lands. 

Witb regard to tbe different Systems of manufacturing 
manure by keeping tbe animals in boxes, stables, or 
yards, tbe first-named plan is undoubtedly tbe best for 
the prodnction of manure, wbatever objections of otber 
kinds it may be open to. In box-feeding, tbe urine of 
the animals is better preserved and more intimately 
mixed witb tbe solid excrements and litter, tbe wbole 
being well incorporated and Consolidated by tbe treading 
of tbe animal ; moreoyer, tbe mixture undergoes a gentle 
fermentation tbrougbout its bulk, wbicb greatly adds to 
its future value. In sbeds and stables a considerable 
portion of the urine is often wasted from the absenoe of 
affective drainage ; and even wbere good drainage exists, 
and tbe urine preserved, the manure produced in tbis way 
is generally inferior to tbat made in boxes. 

Tbe System of making manure in open yards is most 
wasteful and objectionable, particularly in cases wbere no 
drainage exists for collecting tbe fluid portions of tbe 
manure, or only that provided by nature. It is not un- 
common to see tbe drainage of a yard received by tbe 
pool tbat supplies the cattle witb water, or ratber the 
putrid liquid tbat bad mucb better be called liquid 
manure. 

Tbis System of making manure is objectionable in every 
respect, perbaps cbiefly on account of the facility it affords 
for tbe deteriorating influence of rain, wind, and snow. 
By tbese agents the manure produced is gradually ex- 
tracted of all valuable fertilizing materials it may contain, 
and soon becomes next to wortbless. In an experiment 
made on a large scale in connection witb tbe investigation 
before referred to, for ascertainiüg tbe relative merits of 
the different Systems of preserving manure, it was found 
that manure spread in tbe usual manner over open yards 
exposed to the weather, loses an enormous proportion of 
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it8 twef ol materials ; and, as might be expecied, the loas it 
tustaiiiB k the greater in those materials moet uaeibl to 
plants.* After twelve months' exposure, it was found to 
ccmtain bat a traoe of matezial tJmt oould fumish am- 
flionia» and prqportionatelj minnte qnantities of eveiy 
other usefttl gubstanoe. Without entering into any 
details of this yeiy interesting experiment, we may re- 
mark, that aller twelve months' exposure, two-thirds of 
the Bubstanoe of the manure had been wasted, whüe the 
remaining portion was next to worthless, consisting icar 
the most part of the woody matter of the straw nsed as 
litter. 

ÄrUfidal Memur€$» 

In Order that we may dearly understand the natnre of 
artificial manurea» their aeveral properties, and in what 
they dififer from iärmyard manure, let us for a moment 
depreciate farmyard manure, and point out its defects. 

We find that, in so £ur as the chemical value of this 
mixture is ooncemed, it depends chiefly on the presenoe 
of three or foiir essential materials, and that these mate- 
rials are distributed through a large bulk of comparatively 
useless substance ; and is rendered additionally cumbrous 
by the large quantity of water it contains : in round 
numbers, two-thirds of the weight of farmyard manure 
are water. On leaming these üeu^ts, the quesüon naturally 
occurs to US, why cannot we prepare these essential mate- 
rials in a separate or concentrated form 1 For instance, we 
leam that the most valuable constituent of farmyard 
manure is ammonia ; but to get one pound of this 
aubstance, we must take 137 Ib. of well-rotted farmyard 
manure. Again, phosphate of lime is a valuable con- 
stituent of düng j but 100 Ib. of düng contain only about 

* A large quantity of manure was kept in a yard, in the xnanner 
usoallj foUowed in this System of feedmg, and was examined at 
reguUur interrals. 
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1 Ib. of this substaace. Why cannot ammoma or 
phospbate of lime at once be taken and added to the 
soil ? In reply to these questious, it luay be said tbat 
tbere is no reasoD whatever why we should not do tbis, 
if we can do it economically ; in fact, this is wbat we 
endeavour to do by making use of artificial xnanures. 
These substances may be regarded as the essential con- 
stituents of farmyard manure in a concentrated form. At 
the same time, it mast be recoUected that the less essen- 
tial materials of iarmyard manure, as soluble silic% mag- 
nesia, lime, &c., although less precious than the rarer 
substances above named, are yet necessary for the healthy 
growth of plants ; and even if we were so disposed, it is 
doubtful whether any artificial mixture we could prepare 
in Imitation of farmyard manure would act so well as this 
substance in the soil ; since the peculiar organic combina- 
tions of its constituents and the medianical form of farm- 
yard manure would be deficient. 

It was in seeking repHes to the above very natural 
questions, that the value of artificial manuring substances 
was discovered. As soon as scientific men had clearly 
made out what materials are required by plants for their 
growth, and in tracing the sources of these materials had 
pointed out which were the more valuable constituents of 
manure, the notion of adding these substances artificially 
was readily conceived. The practice of adding artificial 
manures was, however, to some extent adopted before the 
principles on which they acted were understood. It was 
found, in oertain cases, that the addition of some one sub- 
stance to the land produced a better efTect than could be 
obtained from &rmyard manure. A striking example of 
the power of a special manure, and the unconscious adop- 
tion of a scientific principle, may be instanced in the pastures 
of certain parts of Cheshire. As is well known, these 
meadows, originally remarkable for their fertility, and the 
richness of the cheese produced in this district, by con- 
tiuued pasturiug became impaired, and began to show 
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«jTiDptoms of exhanstion wbich conld not be removed by 
tbe manare usually applied. It was fonnd that the ad- 
dition of bones to the soll produced tbe desired effect ; tbe 
grass regained its aocustomed sweetness and cbeese- 
producing qualities. Thia restoxation of tbe weakened 
pasture bj tbe use of bones can now be easilj explained, 
and will be adyerted to in describing tbe composition 
of bone-dost. 

In tbe same way, otber substances bave been fotind 
in practioe to benefit eertain crops, in a manner that 
could not be satisüu^torily explained some years ago. 

The more common difference between artificial mannre» 
and farmyard manure is tbe smaller number of con- 
stituents the former sabstances contain. While farmyard 
manare is composed, as we bave seen, of a large number 
of materials, — in fact, it contains all the fertilizing elements 
required in tbe growth of plants, — artificial manures, on 
the contrary, contain but a few — often bat one or two— 
of these elements. 

A further difference may be thas stated : in farmyard 
manare the rarer and more precioas fertilizing substances 
are scarce, and form bat a small proportion of its balk 
and weight, whereas, artificial manares (that is, of tbe 
better sort) consist, for the greater part, of some or all of 
these more essential sabstances. 

. The two more important classes of artificial manares 
are called respectively ammoniacal, or nitrogenous manares, 
and phosphatic manures. The first class consists of those 
in which ammonia, or what is nearly the same tbing, 
combined nitrogen, is the prevailing constituent. To 
this class beloDg guano, nitrate of soda, sulphate of am- 
monio, soot, gas liqaor, and animal refuse manures. By 
means of these manures we can supply to plants any 
quantity of ammonia that seems desirable : they are 
chiefly used as top di'essings, for urging the growth of 
com crops in spring ; althougb, in smaller quantities^useful 
for other purposea The second class — ^the phosphatic 
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inaniiTes — are those in which phosplioric acid is the cbief 
ingredient) although other substanoes in less quantity 
are generally also present. Of tliese manures super* 
phospbate is tbe principal : bone-dust and oertain sorts 
of goano also belong to tbis group. 

Sinoe superpbospbate is perbaps tbe most important of 
^ pbospbatic manures, we sball now do well to direct our 
attention to tbis substance, and, as a necessary pre- 
liminary atep, to consider the composition of boaL Ld 
otber pbospbatic materials ; of wbicb, as most of our 
readers are aware, superpbospbate is manufactured. 

Bono-dußL — ^Tbe bones of animals differ irom all otber 
organic produets by tbe large amount of mineral or 
^arthj matter tbey contain. Organic matter of animal 
origin, like tbat of vegetable origin, generally contains 
but a small proportion of mineral substances, seldom 
more tban two or tbree per cent. of its weiglit ; but in 
bones we find a mucb greater proportion of eartby 
jnatter. In &ct| about two-tbirds of tbe weigbt of bones 
consists of mineral salts ; tbe remainder consists of 
animal matter, cbiefly of tbe same description as tbat 
composing skin, gristle, (fec, called gelatine, witb varying 
quantities of fat. Wben bones are burned, tbis animal 
matter bums away ; the &rt bums witb flame like otber 
non-nitrogenized Compounds, wbile tbe gelatine is decom- 
posed and yields tbe nitrogen it contains in tbe form 
of ammonia. Tbe mineral portion, or asb, left bebind 
wben all tbe combustible matter is bumed away, con- 
sists cbiefly of pbospboric acid combined witb lime and 
magnesia, in a Compound called bone-eartb, witb smaller 
quantities of carbonate of lime and in still smaller quan- 
tities, tbe alkalies potasb and soda. 

Tbe value of bones as a manure cbiefly depends on tbe 
gelatine and tbe pbospboric acid tbey contain. Tbe 
former substance^ in common witb all animal matters 
except fat, yields, by decay in tbe soll, ammonia ; wbile 
tbe pbospboric acid combined witb lime 8 nd magnesia. 
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imder the same treatment, is slowly dissolved by tbe 
moistnre of the soll, and conreyed into the organism of 
the plant, there to perform the important fnnctions 
allotted to it. 

The bone-dust supplied for agricoltural pnrposes cc»i> 
sists of the bones of dxen, sheep, horaes, &Cy crushed to 
fragments, aocording to the size of which thej are called 
half-inch or qnarter-inch bones ; and some of stUl smaller 
fragments. These bones have generally been deprived o( 
their fat, and ofben of a considerable portion of their gela- 
tine ; and fnrther, they alwajs contain imporities in the 
shape of sand and earthy matters, and ofben materiak of 
Tegetable origin. For these reasons, commereial bone- 
dnst is a mixture of very nncertain composition, and con- 
sequently its agricaltnral value differs to a corresponding 
degree. The following analyses will convey a good idea 
of the composition of bone-dust of two or three qualities : 
the first and second samples consist of bone-^ust of good 
quality, the small quantity of impurities being acci* 
dental : — 

GENERAL COMPOSITION OF COMMBECIAL BONES. 

Balf-inch Qiiarter-<incb BoÜed 

Bones. Boiies. Bones. 

Moisture 12*67 18'97 8-06 

Inorganic matter, gelatine, f Ata, ftc. 30*12 33*39 25*45 

Phosphate of lime and mag- ) ^g.^^ ^^.^^ g^.^g 

nesiA (bone-earth) ( 

Garbonate of lime 6*99 5'36 3*25 

Alkaline saltn, cbiefly common ) . .^^ ^.^o «gg 

aalt ••..••...•••.•••.•■. 1 

Sand and mineral matter '17 '62 2*33 

100*00 100-00 100-00 

Apart from the intrinsic value of various qualities of 
bone-dust, as depending on the amount of phosphoric acid 
and nitrogen they contain, much of their praotical value- 
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depends on the treatment they have received at tbe band» 
of th.e dealers and collectors. 

In this country, where economy of material is in 
some trades (not including farming) carried to a degreer 
o£ refinement undreamt of by uninitiated persona, 
bones in their raw State are too valnable to be at once 
delivered over to the fiirmer. They contain materiais 
tbat can be more profitably disposed of. As the agricul^ 
tural valae of bone-dust thus depends on the previous 
treatment it has undergone, it will be well to enamerate 
the more common modes of treatment pursued towards 
commercial bones. 1. By boiling the bones in open 
coppers, the fat is extracted : this is removed by skim- 
ming, and sold fbr soap-making, &c. The bones, thiis 
deprived of fat, are either at once supplied to &,rmers or 
are dealt with as in processes Nos. 2 and 3. Most of the 
bones supplied for agricultural purposes have been thus 
deprived of fat, and in this condition are superior to 
natural bones, because the fat that these always contain 
greatly retards their action in the soil. It is found that 
a piece of fresh bone buried under the sur&ce of the 
soll undergoes little change, and for a length of time 
refuses to decay. This is explained by the &ct that the 
fatty matter it contains difPused through its substance 
effectually exclndes the air and moisture necessary to 
the decay of the gelatine or animal portion of the bone : 
for this reason firesh bones are, for a length of time at 
least, next to useless in the soä. 2. The bones, deprived 
of fet, are kept in a moist state in heaps for two or three 
months. Under these circumstances the bones heat or 
ferment, from the partial decomposition of the nitro- 
genous matter they contain. Much ammonia is produced, 
the greater portion of which is retained by the fat still 
remaining in the bones ; a small quantity of this sub- 
stance always being left, even after prolonged boiling. 
By this process the bones become softer, can be more 
easily reduced to powder, and are altogether better suited 
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for use as manure. 3. Anotber system, foUowed in Man- 
chester and other districts where inferior sorts of cloth 
are manufactured, oonsists in further extracting the 
gelatine after the fat has been removed. This is accom- 
pliahed hj boiling under pressure in closed vessels, when 
tbe gelatine is extracted, and hy evaporation is converted 
into size. Tbis impure size is used for giving stiffiiess or 
^ hody " to tbe commoner sorts of woollen clotbs. Bones 
tbat bave undergone tbia process are of course less 
valoable for agricultural purposes, since, tbe greater part 
of tbe gebitine being removed, tbere will be bat little 
ammonia prodaoed wben tbe bones decay in tbe seil ; but 
as tbe pbospbate of lime is still present, bones of tbis 
kind will do eqoally well for tbe feurmer^ provided be can 
obtain tbem at a proportionate prioe. 

Tbe valae of bones as a manure is cbiefly dependent 
on tbe large quantity of pbospboric acid, in tbe sbape of 
pbospbate of lime, tbey contain. It will be remembered 
tbat tbis substance is in most soils present only in small 
quantities ; and as it is required in tbe development of all 
cultivated crops, its artificial addition becomes necessary. 
Tbis is most effectively done by tbe application of pbos- 
pbatic manures. A furtber effect of bones is exerted by the 
animal matter tbey oontain. Tbis, in decaying, gives rise 
•to ammonia, wbicb greatly assists tbe action of tbe pbos- 
pbate of lime. 

Bones are preferred to otber more active pbospbatic 

manures in cases wbere a gentle but continuous supply of 

pbospboric acid and ammonia is desirable. The efifects 

•of bones extend over several years, and are regulated 

' by tbe state of division, or the size of tbe fragments of 

. bones supplied From tbe slow action of bones, tbey are 

; well adapted for application to permanent pastures. We 

may now explain the matter adverted to in a preceding 

page ; viz., the restoration of the fertility of meadow laud 

by the use of bones when ordinary farmyard manure is 

•of no avail. In tbe case referred to, it is stated tbat per- 
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manent meadows had become partially exhansted from 
the continued grazing of cows, whose milk was disposed 
of in the production of cheese. 

It is known that the curd of milk, of wbicb cbeese is 
manufacturedy contains a small but definite amount of 
phospborus and pbospboric acid. Tbis substance can 
only be supplied by the soil wbicb produces the fodder 
that the cows are fed upon ; and as the greater part of tbis 
sabstance received by the cow will be disposed of in the 
secretion of its milk, but a small quantitj only of that 
contained in tbe food will be retumed in the excrements. 
Hence, even if all the manure produced be retumed to tbe 
land, tbe soil will still be robbed year after year of all that 
pliosphoric acid contained in tbe cbeese carried off the 
laud, and bowever fertile or prolific in pbospboric acid a 
soil may naturally be, it must sooner or later feel the effects 
of tbis System, and sbow Symptoms of exhaustion. As 
bones are remarkably rieb in pbospboric acid, we can easily 
account for the renewed vigour of the soil consequent on 
their addition. 

We thus perceive tbe necessity of adding bone-dust or 
other pbospbatic manures to pasture land employed for 
the production of dairy produce. In all cases pbospboric 
acid of some sort must be supplied in addition to ordinary 
manure, to compensate for the quantities of tbis material 
carried away in the shape of milk, cheese, cattle, &c 

Bones are much less employed now than formerly : for 
many purposes they have been superseded by the more 
eöective '' superphosphate.*' In many cases, bowever, as 
for application to permanent pastnres and to otber crops 
on Sandy soils, bones are still to be preferred. 

SuperpIioaphcUe of Lime, — The use of superphosphate 
may be regarded as an improved method of applying bone 
manure to the land. We have stated that the activity of 
bones in the soil is in direet proportion to the number of 
fragments into which the bone is broken up. We can 
ca^y understand that tbis should be the case. A com- 

N 
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ponnd like phosphate of lime, that is almoat insolable m 
DFater, and but sliglitly soluble in water containing carbonic 
acid gas, will necessarily afford little opportunitj for sola- 
tion if exposed to the solvent in a compact maas, as in a 
piece of bone. But if we break np this bone into small 
pieces before adding it to the soil, a greater sarfaoe is 
exposed to the action of the water, and more of it dissoWed 
in a given time ; and consequently a laiger quantity of it 
is conyeyed to the plants growing in tbis soiL B7 the 
use of superphosphate we produoe this e£fect in a high 
degree. On Converting benies into saperphosphate and 
now applying them to the land, they are separated into a 
multitude of particles infinitely smaller than can be pre- 
pared by any amount of grinding or other mechanicai 
means. It is to this circumstanoe merely that the snperior 
effect of superphosphate, as compared with bone-dtist, in 
the Boil ia mainly due. 

An idea of the minute state of division in which the 
bone material is separated from superphosphate when 
added to the soil, may be formed from the following simple 
yet interesting experiment. A small piece of bone is 
placed in a wine-glass, or any convenient receptacle, and 
covered with mnriatic acid (the spirits of salts of the 
shops, belbre noticed), and left for two or three days ; by 
this time the bone inll have become qmte soft, owing to 
the extraction of its earthy or mineral portion^ which is 
dissolved in the clear acid liquid. If we now add to 
some of this clear liquid a little hart^om, or ammonia, 
or even common soda, a white, bulky, fiocculent substance 
will separate. This is the earthy portion of the bone in a 
finely divided State : it may be regarded as bone m&tensl 
broken np by chemical means. The same substance may 
be obtained by adding a small quantity of any super- 
phosphate to water, allowing it to stand tili clear, and 
testing this watery Solution with ammonia^ or soda» as in 
the former experiment. 

When bonos moistened with water are mixed with 
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solphtiric acid, or oil of yitriol, mack heat and steam witli 
unpleasant'SinfilliDg gases are given ofi^ while the bones 
for the most part dissolve, forming a creamy fluid. On 
Standing, this mixture dries up and becomes solid, and if 
the process has been properly conducted, forms a friable, 
loose, meist gray powder. This powder is superphosphate 
of lime, an article at present manufactnied in enormons 
quantities in this conntry. The essential difTerence be- 
tween this substance and the original bones is, that the 
superphosphate is for the most part soluble in water. The 
beauty of this process, however, lies in the fact that not 
only bones, but other combinations of phosphate of lime, 
otherwise useless, as the stones and rocky minerals before 
mentioned, can by this means be converted into super- 
phosphates. For this leason, minerals of this kind are 
eagerly songht for, and constantly being discovered. 
Thus we perceive, by the magic of Chemistry, nseless 
stofnes are changed into fertilizing manures, and these 
again, by still greater magie, aetnally become part of our 
daily food. 

The chemical changes inyolred in the prodnction of 
snperphosphate, from bones or either of the above-men- 
tioned raw materials, may be thns explained : — In all 
these matexiak the phosphoric acid is combined with 
lime in the form of phosphate of lime, or bone-earth, as it 
is calied. No^, it must be stated, that in all chemical 
decompositions the right of might prevails ; the stroLger 
substance, if so disposed, always driying out the weaker 
one. Thus, when we add sulphuric acid, or oil of vitriol 
(which is the strengest of all acids), to the combination of 
phosphoric acid and lime, calied bone-earth, the weaker 
phosphoric acid is displaced, and the sulphuric acid takes 
its i^ce, to form snlphate oi lime, or plaster of Paris. 
But in praciice, all the lime is not taken from the phos- 
phoric acid by oil of vitriol ; a part of the lime still 
remains^ and forms, with the phosphoric acid, a new com- 
bination, calied biphosphate, or soluble phosphate of 

N 2 
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Urne. This change will perhaps be betier underEtood by 
a glanoe at the followiog plan of the Operation : — 



Matarials emplojed. Prodacts. 



Insolublepboflphate of Urne, 
M it ocoara in bones and mi- 
tienls, oonsisti of three qosn- ^ 
üties of Ume,andonequaatity 
of phoBphoric »cid ; we may 
tiierefore represent It as. . . . 



Onaadmg.ulphiiricacidor j g„i ^„^e acid 
oaofTitnpI,twoof theaequan. j g^i^hnric add 
tities oi Urne are removed. F ^ 



Phosphorio add | Solable or snper- 

Lime { phospbateof lime. 

Lime ^ 

Lime 

Salphate of lime, 

ter of Paria. 



From this we perceive that in tbe manure called supeiv 
phosphate of lime, there is a soluble oombination of phos- 
pboric acid, on wbich its value cbiefly depends, and a 
larger quantitj of sulpbate of Urne obtained as a second- 
ary prodact This latter sabstance is oomparatively of 
little yalae as a manure. 

When phospbate of lime of minend origin, as from any 
of the minerals above mentioned, is used in this manu- 
fisusture, the value of the resulting superphosphate is almost 
solely dependent on the amount of soluble phosphate of 
lime it contains. The same will be the case when the super- 
phosphate has been prepared from the subotance techni- 
cally known as ** bone-black,** or the refuse animal char- 
coal of sugar-refiners ; also that made of bone-ash, a 
material at present largely imported from South America 
for the manu£Eu;ture of this manure. In all these cases 
the superphosphate produced is purely a phosphatic 
manure ; that is to say, its effects in the soll are en- 
tirelj due to the phosphoxic acid, and in much minor 
degree to the gjpsum oontained in superphosphate. Bat 
when bones are used in the manufacture, the resulting 
manure is rendered more valuable by the animal matter, 
— ^the gelatiue of the bones. A part of this is trana- 
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fbrmed into ammonia, which, meeting with sulphuric acid, 
becomes sulphate of ammonia ; wbile of the remainder, a 
considerable portion is converted into a form soluble in 
water. 

In manuiäctnring this substance on a large scale, all 
the insoluble phospbate of lime is not rendered soluble ; — 
a part of it always remains afber tbe process, in its original 
State. The amount of tbis uhcbanged material left in the 
product depends on the quantity of sulphuric acid or 
oil of Vitriol used in the process, and on the quality of the 
bones or other kind of phospbate employed. For these 
and other reasons, the material commonly called super- 
phospbate is a mixture of most uncertain quality, scarcely 
two samples ever being found alike. The general com- 
position of superphosphates, as well as the extent to which 
they differ from one another, may be learned from the 
followiog examples, selected from a great number 
analyzed in our laboratory at Cirencester : — 

COMPOSITION OF SUPERPHOSPHATE OF LIME. 

1. 2. 3. 

Water 20-53 14*40 091 

Organic matter 14-76 893 — 

Soluble Phosphate of lime 1031 3'60 2570 

Equal to bone-earth (16-09) (5-61) (40'11> 

Insoluble bone phospbate 17*72 6*83 6*68 

Hydrated sulphate of lime) 28-39 44 23 5543 

(gypsum) J 

Alkaline salts 1*56 252 '96 

Sand 6*73 19*50 2*32 

100*00 100*00 100-00 

Per-centage of nitrogen 'SSS 1 '44 

Equal to ammonia 1*065 1*75 

^N"©. 1 may be accepted as an example of a good super- 
pbospbate ; it contains about a tbird of its weight of 
pbospbate of lime, one-balf of wbicb is rendered soluble 
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by add The otlier half of tius phoi^kbAte of line niaj 
be regaided aa uncfaaiiged bone matenal, and, provided 
the manare has beea made froia btmes, tbis insolaUe 
pbospbate of lime will be of the same value in the soil as 
bone-dust ; bat if, as often happens, mineral phoqthate of 
lime has been used in the «aniifactare, this qaantity left 
nnchanged will be w(»thle68y or nearij so, when a^^died 
to the land. The essential matenal is, in all cases, the 
pbospbate of lime soluble in water, and tbe value of the 
sample is chiefiy regolated by the pn^ortion of this 
material. The oi^ganic matter — ^tbe more or leas aitex^d 
gdatine of the bonea — depends for its vslne cm the nitrogen 
it contains, or the amount of ammonia it is capable of 
producing by decay. For this reason, t^e amoont of 
nitrogen shoold always be stated in the analysis of a 
saperphosphate. 

The gypsom and common salt are possessedof a e&rtaiü 
value ; but a much lower one tdian that of bcme BoateiisL 
The water aud small quantity of sand and earthy 
matters are unavoidable impurities, and, of course, must 
not be taken into account in estimating the value of the 
manure. This sample, as before stated, represents a super- 
phosphate of fair quaHty, and should oost about £7, to 
£7 10s, per ton. 

No. 2 is altogether the reverse of No. I. It con- 
tains but a small quantity of soluble phosphate, and very 
little insoluble ; an undue quantity of gypsum, and far 
too much sand. This is an adulterated snperphosphate, 
and is worth but a fraction of the price charged for it 
From these examples it will be seen that the value of a 
suj^erphosphate entirely depends on its quality, and, in 
most cases, on the prc^rtion of soluble phosf^ate of lime 
it contains. Thus a sample like No. 3 is not dear at £12, 
because it contains £12 worth of fertilizing matenals ; 
whereas the sample No. 2 would be dear at £5, It 
should always be remembered by farmers in purchasing 
superphosphate, and, indeed, all other kinds of artificial 
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mixtures, that the deamess or cheapnese of a manure is not 
determined by its piice, bat by the amount of ^ertilizing 
materials it contains, and tbe degrees of fitness of these 
matenals for action in tbe soll. 

In tbe case of manufjactuied manures, like superpbos- 
phate for instanoe,mucb of tbeir agriooltural valuedepends 
on the mechanical oondition in which tbey are supplied, — 
the extent to wbicb their constituents . have been pul- 
verized and intermixed. The liehest manure, chemically 
speaking^ will be of little ose unless it is moderately dry, 
reduced to £ne powder, and its constituents thoroughly 
incorporated. This must be bome in mind in judgiug of 
the value of a manure, and a proportionate price must be 
Allowed for the degree of completeness with which these 
zuatters have been attended to. Although in theory the 
production of superphosphate is a very simple matter, 
in practice it is found somewhat troublesome, from the 
difficulty of producing a manageable article ; and a great deal 
of experience and skül are required to prepare a superphos- 
phate of the requisite chemical strength and mechanical con- 
dition at a remunerative price. For this reason we wouid 
recommend üaxmers never to attempt to make their own 
superphosphate, since, in most cases, their efforts will 
result in the production of a material too wet or too 
dry,— or otherwise unmanageable, and altogether remote 
from. the character of a good superphosphate. The best plan 
of obtaining this material is to purchase it of some old- 
•established manufacturer of known respeotability, who 
will readily guarantee its quality. For the reasons above 
stated, the exact value of a manure cannot be told by 
jadging solely of its composition as revealed by an analysis ; 
onthe other band, we can never arrive at the real value of 
a manure without an analysis. The perfection of mechan- 
ical texture will be useless unless its chemical value 
corresponds. The value to be attached to mechanical 
oondition must always be added to that depending on 
the amount of fertilizing materials it contains : thus we 
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can only arrive at the precise value of a snperphosphate 
by Gomparing its composition, as sbown by analysis, with 
its extemal properties. 

Superpbospbate is generally applied to the root crops 
in conjunction witb well-rotted farmyard manure; the 
superpbospbate being mixed with asbes and drilled in with 
the seed. In tbis Operation it is good policy to spend extra 
labonr in pulverizing and mixing the snperpbospbate witb 
the asbes employed, since mucb of the subsequent eflect of 
the manure will depend on the care taken in its appUca- 
tion. Moreover, asVemarked on a former occasion, a less 
quantity of manure properly applied will go as far as a 
larger quantity carelessly applied. Two or three bundred- 
weigbt per acre will in most cases be a fair dose, and 
amply sufficient to supply pbospboric acid and sulpburic 
acid to all the crops of a rotation. 

An excellent method of applying superpbospbate in 
particular cases is by raeans of the liquid-manure drilL 

Snperphosphate is particularly adapted for promoting 
the growth of root crops — ^tumips, S wedes, &c. It seems to 
benelit these plants at every stage of their growth. Not 
the least of the good effects of superpbospbate on tumips 
and Swedes is its undoubted efficacy in hastening the early 
growth of the young plants. Tbis effect, in many in- 
stances^ saves the crop from destruction by the tumip fly. 

Jmmoniacal or Nürogenoiis McMvures. 

Guano. 

Let US now direct our attention to those manures 
employed for supplying particular crops with nitrogen 
or ammonia. In doing this we shall naturally begin 
with guano. Guano— that is, Peruvian guano— owes 
most of its effects as a manure to the ammonia it contaius ; 
and the high price of this article is not dear, when we con- 
fiider the large quantity of this valuable material it con- 
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tains in a fixed or solid form. By adding 1 Ib. of guano« 
to tbe soil, we supply it vnih as much ammonia as is 
contained in 24 Ib. of well-rotted farmyard manure. 

Guano is a natural producta consisting of the excre- 
ment of sea-fowl, more or less altered by fermentation 
and decay. In certain districts of the tropics, where 
little rain falls, tbe coasts and islands frequented by large 
numbers of sea-birds become covered with accumulations 
of their düng, which, after spontaneous drying and fer- 
mentation, constitutes the material we call guano. Beds 
of this material have been discovered in several localitles, 
the more extensive being upon islands off the coast of 
Peru. From this place the greater part of the guano 
met "with in commerce is obtained, and as the climate of 
this locality is particularly favourable for the preservation 
of this substance, the guano of this place is not only the 
most abundant, but of better quality than that fonnd in 
any other place. The right of importing this kind ot 
guano exclusively belongs to the Messrs. Gibbs and 
Bright, through whose hands all the Peruvian guano 
supplied by dealers must have passed. 

Most of the Peruvian guano brought to this country 
is tolerably uniform in quality, but, occasionally, cargoes 
arrive that have been damaged by sea-water or otherwise, 
and are sold by auction. 

This damaged guano is ofben purchased at a low prico' 
by unscrupulous dealers, who afterwards diapose of it to 
Tinsuspecting persons under the name of genuine guano, — 
which indeed it is, but not of the best quality. For 
this reason, in purchasing guano, care must be taken to 
see that the article supplied is really what it is repre- 
sented to be. But this is not the only kind of im- 
Position one is liable to in purchasing guano ; as we shall 
presently see, the substances offered for sale and purchased 
under the name of guano are oflen altogether different 
from genuine guano, even of damaged quality. 

Guano of an inferior description is also brought from 



186 JLaEICULTUaAL CHEUISniT. 

S% Idanba Bay, BoÜTia, Ichaboe, and, qnite lately, from ihe 
Falkland Islands, and still more reoently, from the Kooria 
Mooria Islands. The guano obtained from all tkese plaoes 
.is infeiior to Penivian guano. 

The ezternal propertiesof Penivian guano are tolerably 
weU known. As genendly met with, it is in a modei^tely 
dry light powder, interspersed with himps of harder 
material. These lumps are often dificnlt to break^ and 
when broken present a ccystalliue stracture. The colour 
of guano is generaUy a light brownish red or fawn- 
oolour. It is also possessed of a peculiar unplaasant 
smell, which is popularly snppoaedto bedue to the escape 
of ammonia. But this is a delnsion ; ammonia does not 
escape in any appreciable quantity from guano, even when 
it is exposed for a length of time to the heat of the son. 

That the smell of guano is not due to the escape of 
ammonia, may be proved by a simple experiment. If we 
moisten a little guano with sulphuric or any other acid, 
And now dry the guano, we find that the smell is still 
present. This could not be the case if it were caused bv 
the escape of combinations of ammonia ; sinoe, after the 
addition of add, all the ammonia that could escape would 
have become fixed in the manner described in a former 
chapter. 

Genuine guano is an extren^y Ught substance, — a 
bnshel of it weighing only 68 to 72 Ib. Hence, by this 
fact we are fumished with a rüde method of asoertainiog 
the genuineness of a sample of guano ; since all other 
substances that are likely to be used to adulterate guano 
add to its specific weight. 

Before proceeding any further, let us «täte ,the com- 
Position of guano. The foUowing analyses will convey 
an idea of the composition of two or three aorts of 
^uauo :*- 
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COMPOSIXIOJ^ OF GUANO. 



1. 

'Water 12*42 

Organic matter and ammonlcal ) t;o.no 

salts 1 *2^^ 

Phosphates o£ Urne and mag- 1 95*06 

nesia {bone-eaith) . . « ) 

Alkaline salts, chiefly chlo- ) 

rides of potassium and> 8*26 

sodinm ) 

Oypfium 

Inaaliible silicioiis matter 1 *50 



2. 

12-00 


8. 
11-54 


59-11 


19-79 


19-31 


42-93 


8-13 


4-78 


m m 

1-46 


1-70 
9-86 


100-00 
19-30 


10000 
4-86 



100-23 
Yielding ammonia 17*21 



Erom the above analysis of genuine guano we perceive 
that this subsianoe is remarkably rieh in fertilizing 
materials, nearly every one of its constitoents being a 
material highly valuable for promoting the growth of 
plante For this reason guano may fairlj be considered 
as the riebest and most conoentrated of manures. Most 
of tbe complaiuts oeeasionally raised against this manure, 
and the disappointments that sometimes follow its use, 
may be traced to an injudicioue use of this snbstanoe, 
arising from ignoi-ance of the fact that it is too stimulating 
a manure — ^too conoentrated — to be used but with the 
utmost coation. 

As we notice by glanoing at the above analysis of 
guano, nearly two-thirds of its weight consist of salts and 
oüher combinationB of ammpnia^ s[H>re than a fourth of 
which is real or pure ammonia. This portion of guano 
contains many of the same compouads as are found in 
the urine of domestic animals, and notioed when speaking 
of feurrnyard manure ; so that we may regard this portion 
of guano as urine di^ested of its large quantity of water. 
The next impcartant constituent pf guano is the phosphate 
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of lime or bone material : nearly a fourth of its weigbt coii> 
sists of tbis sabstanoe. The materials incladed under tbe 
item alkaline salts, consist of potasb and soda combined 
irith solphuric, carbonic, and pbospboric acids. Witb this 
latter acid tbe potasb and soda are especially valoable, 
8ince in tbis form tbey are readily soluble in water. 

Tbus we perceive tbat» witb tbe exoeption of a little 
Sandy and eartby matter, amonnting to little more 
tban one part in a bnndred, and about 14 per cent. 
of water or moisture, every particle of good gaano is 
capable of contributing to tbe growtb of plants, and 
snpplying tbem witb tbe materials reqnired in tbe prodiic- 
tion of those Compounds on wbicb tbe value of fertilizing 
materials depends. Hence we can account for tbe extra- 
ordinary efiect a comparatively small quantity of this 
substauce often exbibits wben judicioasly applied to our 
crops. 

The above remarks apply to Pemvian guano of th« 
best qnality,sucb as can beobtained from £12. lO^.to £13. 
per ton ; and tbis price, tbougb indeed bigb, is not dear, 
if we consider tbe market price of its constituents, or the 
price we sboold bave to pay for tbe materials of guano ia 
any otber form. 

Bat unless tbe farmer is carefol in buying this 
materialy or if, in mistaken policy, he purcbases a sample 
apparently bat sligbtly damaged, at a redaced price, the 
substance be ases tmder tbe name of guano will possess 
qualities very different and much inferior to tbose above 
described. Guano offers too great a temptation for 
adulteration to be resisted by unscrupulous manure- 
dealers : its bigb price, tbe facüity witb which foreign 
substances can be mixed witb it, and the difficulty of 
recognizing such admbtture by persons Ignorant of 
cbemistry, account for tbe fact that guano, of all other 
artificial manures, is most subject to adulteration. 

In many cases tbis adulteration is but clumsily effected, 
and can readily be detected by persons acquainted witb 
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tlie appearance of genuine guano ; but occasionally adal« 
terated samples are met with bo skilfhlly mixed, and the 
natural texture of guano so craftily imitated, that the 
most experienced judges are deceived by the appearance. 
In these not unfrequent cases, chemical analysis is the 
only means at our disposal for detecting the adulteration. 
In all cases this is the only method of ascertaining the 
real value of guano. By way of illustration we now insert 
flome examples of adulterated guano that have come 
under our notice. 



EXAMPLES OF ADULTERATED GUANO. 

Water 5'83 8-28 

Organicmatter 3*52 1311 

Oxide of iron and alumina 3*59 

Phosphate of lime 18*10 2*35 

Sulphate of lime (gypsuni) 15*17 

Carbonateof lime(chalk) 6975 800 

Chloride of sodium (common salt). . . . 1*75 15*80 

Insolable silicious matter (sand, &c.) . . 34*29 

Magnesia 1*35 

Loss '20 



100-00 100*50 

Containing nitrogen *19 *52 

Equal to ammonia *23 *64 



The foUowing simple experiments are often highly 
useful for enabling one to ascertain whether a sample of 
guano is adulterated or not : — 1. A small quantity of the 
sample is mized with quicklime and water to a paste 
in a tumbler glass or other convenient vessel. A strong 
smell of ammonia or hartshorn should be given off : the 
smell will be strong in proportion as the guano is good. 
2. A little of the sample is bumed on a piece of tin 
plate over a lamp or a clear fire : the greater part of 
the guano bums away, leaving a white or slightly gray 
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ask If tke ash is of a led or brown colom*, we maj infer 
that UM goano is not pure. Forther, this sah will dia- 
aolre almost entirelj ia muriatic acid, if the guano is 
pore ; whereaa, in the caae of an adnlterated aample, a 
qnaniity of substanoe will remain nndiasobred in th» 
liqoid, even after standing for two or thiee lurars. 

These ieets may be appUed with greater precision if we 
poooc« a small pair of apothecar/s scalesL In this case, 
100 gn. of goano ehonld be weighed ont ; this quanfeitj 
sboold lose bj buming about 60 grs., and Übe rexBaining 
aah, on being tested with moriatic acid, shonld not leave 
more than two or three grains of insoluble matter. 

In nsing g^no as a top dressing for wheat, especial 
care should be taken in preparing it for application totfae 
land. The hard Inmps should be broken, and the whole 
snbstanee reduced to fine powder by beating and siftning ; 
fiirther, it should be mixed with two or three times its 
weight of Salt or dry earth, and thoroughly incorporated 
before being added to the land. The object of mixiug with 
some other substauce, as aalt or earth, ia simply to insore 
a more even distribution of the guano over the soil ; and 
the better this is effected (by whatever means), the greater 
will be the effect of the guano on the crops. This uni- 
form dbtribution over the land, so essential for the 
successful employment of all artifidal manures, is the 
more necessary in the case of guano ; since, by neglecting 
this precautioD, the larger lumps of guano are Ukely to 
''bum'* the plants, and thus do m<nre härm than good 
when applied to the crop. 



AduUeration qf Manures, 

Before proceeding to describe the other lese important 
artiiicial manures, a few remarks on the adulteration of 
manures and the circnmatancea that affect their valoe 
may not be out of place. 
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The adulteration of mamiFes, as indeed of all otber 
articles of commerce (especiallj those in any way used as 
food or medicine), is a practice that cannot be too 
strongly condemned ; and it is mncb. to be regretted that 
the laws of this country afford too many chances for th& 
saccessful carrying on of this species of fraud. 

In the case of manores, their adulteration is attended 
with several ctüs besides the more direct one of robbing 
those who porchase the adulterated articles. The fisict of 
manures being known to be extensively adnlterated, tends 
to restrict their iise, and to withhold the good that a 
more extended nse of these materials is calcnlated to 
confer both on the fimner and on the Community. For 
the same reason the trade of honest manufJEM^urers is 
injured and confined. 

XJnder the name of manures^ all kinds of mixtures are 
sold, often worth but a fraction of the price paid for them, 
and in too many instances altogether worthles& 

The frauds practised by dishonest manure-dealers con- 
sist of the dünting or weakening of Standard manures, 
as gnano, superphosphate, nitrate of soda^ &c,, by the 
admixture of less Taluable or vorthless materials, as sand, 
sawdust, brickdust, &c. ; also in the &brication of mix- 
tares &om all kinds of cheap refuae and other materials, 
as tanners' bark, road-scrapings, old mortar, <fec. Such 
mixtures are brought into the manure market as new 
Compounds, under all sorts of high-flown names, which 
generally indicate properties in every way the reverse of 
those possessed by the so-called manures they represent. 
Mixtures of this description are often supported by 
flaming testimonials, through which many persons are 
offcen induced to waste their money on Compounds of this 
description. It must be remembered that even genuine 
testimonials in support of the character of a particular 
manure afford no proof of its real or market value, sinoe 
what may produce a good effect on one soil will not do 
so on others. The fertilizing effect of a manure on & 
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soll will be joBt in proportion as the manure is able to 
8upplj what the soll is most in need of. Hence it may 
happen that a soil is onlj in need of Urne or sulphuric 
acid : in tbis caae a manure containing plenty of lune or 
solpharic acid is all that is reqnisite to enable the soil to 
produce a good crop. On such a soil a comparatively 
wortbless znizture of gypsom or sulpburic acid in any 
otber form will produoe as good an effect as a valoable 
superphosphate that contains^ in addition to sulphuric 
acid and lime, the more valuable phosphoric acid ; because 
in tbis particular case this latter material, generally so 
valuable, is useless, the soil already containing sufficient 
phosphoric acid. It is by instances of this sort that a 
manure often acquires a false character, and is believed 
to possess qualities to which it has not the slightest claiin. 
Certain natural casualties, to which all crops are occa- 
sionally subject, — as very wet or otherwise unfavoorable 
seasons, blight, &c., which interiere with the action of 
the best manures, — also occasionally favour the character 
of inferior ones, and for a time conceal their worth- 
lessness. 

Hence the money yalue of a manure cannot be esti- 
mated by its effects on a particular soil. Theoretically 
speaking, all manuring substances are equally valuable, 
because they are all alike indispensable to the growth of 
plants ; for instance, silica is in this sense as valuable as 
Ammonia ; because, unless both of these substances are 
present, the wheat plant cannot flourish ; again, lime is 
as valuable, because as indispensable, as potash to the 
growth of nearly all plants. But the money value of 
these substances is widely different, simply because the 
relative quantifcies of these substances in nature are totally 
unlike ; for which reason they can be procured with very 
<difierent degrees of facility. While silica, lime, organic 
matter, &c., are abundant in most soils, and are furnished 
to the plants in inexhaustible quantities, the ammonia^ 
phosphoric acid, <fec., are naturally supplied more 
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eparingly : hence these materials are soonest removed 
from the soil by the crops grown npon it ; and wlien we 
wish to renew these materials, we find that we can only 
obtain them by payiog for them ; and the price at which 
they can be procured is of coarse regulated by the 
quaiLtity of them snpplied in the market. The piice we 
can afford to pay for a mauuring material is of coarse 
determined by the increase of produce we may calculate 
npon its producing. Thus the number of substances at 
present used in artificial manures is limited by the 
prioe at which they can be procured. Several salts 
of high fertilizing value, — as phosphate of potash or phois- 
phate of soda^ nitrate of ammonia, phosphate of ammonia, 
<&c., — would be eagerly bought as manures, could they be 
supplied at a price consistent with agricultnral ecoDomy. 
!By the discovery of more prolific sources of materials that 
can be used in agriculture,certain substances,formerly used 
for other purposes, find a new application in the way of 
manures ; for instance, until the discovery of guano, or 
rather its importation to this country, the artificial supply 
of ammonia to agricultural crops was very limited, simply 
because all the combinations of ammonia supplied to the 
market fetched a price fiar beyond that which the farmer 
could afford to pay. Again, long after it was discovered 
that nitric acid was a valuable fertilizing material, its use 
as a manure was prevented by the high price of its 
salts : they were in demand for other purposes, and 
consequently were worth more money than the farmer 
was able to pay. But comparatively recently, vast beds of 
a material containing a large proportion of nitric acid have 
been discovered ; so that its market price is reduced, and 
now comes within the reach of farmers. 

The money value of a manure is thus determined by 
the market price of its constituents. This applies to all 
natural products, as guano, nitrate of soda, &c. In the 
case of manufactured manures, as superphosphate, an ad- 
4itional price must, of course, be allowed for the expenses 

o 
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incurred in its production. Whatever the ^eots of a 
manure may be under certain favonrable drcumstanoes or 
on any one particular soll, its real value ia sidll subject to 
the above Standard ; and if its compofdtion does not justify 
the price charged, eyen thoogh it may happen to prodnee 
a good crop, too much will have been paid for it, — sLmplj 
because the same effects on the same crop might bave 
been obtained by the employment of its constitnents 
otherwise procnred at their legitimate prioe. 

The best way of procuring artificial mannres is to 
purchase them of manafacturera or dealera of known re- 
spectability, who will readily guarantee the mannres they 
snpply to be of a particular strength, as determined by 
analysis, which they fdmish ; and the prke charged will 
be according to this analysis. Bat as the mannres mann- 
factured by the best of makers often pass thron^ sevenJ 
hands before they reach the consmner, it is proper, in all 
cases, that the manure received should be tested, in ca*der 
that the buyer may satisfy himself of its qnality, and 
that it is worth the price paid for it, This is easily done 
by taking a sample from two or three of the bags of 
manure and forwarding it to an analytical chemist of re- 
cognized respectability and skill, who will readily asoertain 
the composition of the manure, and whether it correspcmds 
with the analysis fumished by the dealer. In compaiing 
the results of analyses of manures, difierences of two or 
threc per cent. in the oontents must not be noticed. 

NitrcOe ofaoda is another material largely employed for 
artificially supplying certain crops with nitrogen. In 
speaking of the atmosphere, we noticed the existenoe in 
the air of miniite quantities of a substance called ni träte 
of ammonia, — a salt that is found to exercise a powerfiil 
effect in promoting vegetable growth ; and it was stated 
that the snperiorefficacy of rain that üedlsduring thunder- 
storms, in refreshing and invigorating plants, is, in a great 
measure, due to the nitrate of ammonia it contains. 
Substances dosely analogous to this salt are saltpetre, — ^the 
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Salt used in the pickling of meat, the proper name of 
ivhich ia nitrate of potash, and the salt now so frequently 
used as a top dreasing for wheat^ called Chili saltpetre, or, 
more properly, nitrate of- soda. 

Each of these salts contains a large quantity of nitric 
acid, or aqua-fortis, — the material to which the fertilizing 
efiect of these salts ia more immediately due. 

As moet of us are aware, nitric acid in a separate state 
is a highly corrodve fluid, capable of dissolving metals, 
like silver or copper ; but when combihed with alkalies, 
— as in the above salts, — ^its corro^ive properties are con- 
cealed and overcome, and it beoomes a highly fertilizing 
material, which, like ammonia, supplies plants with the 
nitrogen they require in the formation of the flesh-forming 
Compounds of food. 

It is probable that all the nitrogen received by plants 
is oonveyed to them either in the form of ammonia or 
nitric acid, and that the nitrogen contained in all the 
animal or other substances added to the soil %s mannres, 
is converted into one or other of these forms before being 
supplied to the plants ; but which of these forms is the 
best, or which is most favourably received by plants, is 
not well known ; this much, however, is certain, that 
both of these forms of nitrogen exercise a highly fertilizing 
effect on plants, and, consequently, are valuable manures. 

Nitric acid is found in small quantities in dung-heaps ; 
and wherever animal or vegetable matter containing 
nitrogen is present with much lime, under favourable 
circumstances, nitric acid is formed from the nitrogen of 
the organic matter. In this manner, large quantities of 
nitrate of potash, or saltpetre, are formed artiiicially in 
nitre-beds, as they are called. 

Either in an analogous manner, or by the action of 
electrical currents upon the air, the nitrate of potash found 
in the soil of certain warm climatea, as in the East Indiea, 
is probably formed. Comparatively recently, large beds 
of a aalt very similar to nitre have been discorered in 

o2 
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Chili ; ^hence, the terra " Chili saltpetre " sometimes ap- 
plied to the nitrate of soda employed in agricultnre. 

The compositioii of nitrate of soda may be thus 
stated : — 



COMPOSmON OF NITBATE OF SODA. 

Gennine Adalterat^ 

Sample. Sample. 

Watcr -98 404 

Nitrate of 8od» 95*02 7897 

Sulphate of «odÄ — 4*62 

Chloride of Bodimn, or oommon salt. • 3*24 10'04 

Sand and insoluble matter '81 2*13 

10000 100-00 



Like all other artificial manures, nitrate of soda is often 
found adolterated : in most cases this is effected hy means 
of cheaper salts of the same character ; as, for instance, 
common salt, glauber salt, or sulpbate of soda, &c. As 
these salts are all crystalline, and in other respects re- 
semble nitrate of soda, these substances cannot be de- 
tected by any means short of an analysis. 

Nitrate of soda is generally nsed as a top dressing for 
grain crops ; and the same precautions for insiiring its 
even distribution over the soü should be attended to as in 
the case of guano. 

' JSoot, — Leaving the more valuable and highly concen- 
trated nitrogenous manures, let us now consider a few 
cheaper refuse substances that belong to the same class, — 
that possess the same qualities in a less degree. 

An ammoniacal manure in common use is soot. This 
substance is chiefly useful on account of the ammonia it 
contains in the form of salts. The smoke of üamps and 
coal fires condsts of minute paii;icles of imaltered char- 
coal, with other intermediate products of combustion. 
All the charcoal, or carbon^ of fuel that takes part in the 
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actual combustion, is converted into carbonic acid gas, as 
stated in a previous chapter. But when much carbon 
is present in a fuel that bums witb flame, a great deal of 
this carbon is carried off in tbe sbape of smoke : from 
this smoke the carbon is readily deposited upon any cold 
object. In tbis finely-divided sbape carbon is teobui- 
callj called lampblack, and is an article of extensive 
mannfacture. Tbe soot tbat accumulates in our cbimneys, 
wbere coal is nsed for fuel, is an impure variety of lamp- 
black. It is to tbese impurities, bowever, tbat soot cbiefly 
owes its agricultural value. In speaking of tbe sources of 
ammonia, it was stated tbat one of tbese sources is coaL 
Coal contains variable quantities of nitrogen in organic 
combinations ; — wben tbe coal is burnt, tbis nitrogen 
passes off in tbe form of ammonia. Coal also contains 
salpbur or brimstone. Wben tbis substance is burned 
in tbe coal, a part of it is volatilized in tbe form of 
sulpburous acid, whicb, meeting witb tbe ammonia simul- 
taneously liberated, effectually fixes it and retains it in 
tbe soot. 

We may satisfy ourselves of the presence of ammonia 
in soot by testing it witb lime in tbe manner described 
in speaking of guano : by tbis treatment tbe soot will 
evolve a streng smell of ammonia or bartsbom. Altbougb 
ammonia is tbe more valuable constituent of soot, it con- 
tains otber substanoes, wbicb, in a minor degree, con- 
tribute to its usefulness as a manure. Some of tbe 
«ralpburous acid gas, in tbe presence of tbe finely divided 
carbon of soot, becomes converted into sulpburic acid, or 
oil of vitriol ; tbis, in its tum, combines witb lime from 
the mortar of tbe chimney : hence we find in soot variable 
quantities of sulpbate of lime or gypsum, a substance 
whicb, as we shall presently show, is of much Service in tbe 
Boil. The value of commercial soot is regulated almost 
entirely by tbe proportion of ammonia it contains, tbe 
average quantity of tbis substance being about 2 or 3 per 
Cent. 
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Gas Li/jwyr, — ^While spcaking of soot, and remarking 
that its value as a maiiure depends on the presence of 
certain Compounds arising from the combnstion of coal, 
we are natuiallj remindcd of the use, as maniires, of the 
same Compounds, found on a large scale in the prooess of 
gas-making. 

When coal is heated in closed vessels for the porpose of 
Converting it into gas, neariy all the nitrogen it contains 
passes off in the shape of ammonia, along with the other 
gases simultaneously produoed. In undei^ing the pro- 
oess of purification to adapt it for illuminating piur- 
poses, the coal gas is separated from this ammonia and 
other impurities, part of which are retained by water 
through which the gas is made to pass. This water 
is technically called " gas liquor,** and is the source from 
which most of the ammonia found in commerce is pre- 
pared. This gas liquor consists of water containing 
variable quantities of several salts of ammonia, dissolved 
in it with other impurities. To obtain this ammonia, the 
gas liquor is evaporated with some strong acid, as 
sulphuric acid, or oil of vitriol. By this means the 
ammonia is fixed, and when dried up constitutes the 
salt called sulphate of ammonia, — a substanoe often 
used by the ixtmer for the same purpose for which he uses 
guano or nitrate of soda. This salt is also largely em- 
ployed by manure-makers in the preparation of wheat 
manures, grass manures, and other mixtnres of the sort. 

In districts in the immediate neighbourhood of gas- 
works, the gas liquor itself ii^ occasionally used as a manure, 
and by judicious management can often be employed with 
great ad van tage upon grass land and other crops. The use 
of this fluid as a manure is attended with a certain amount 
of danger, since, unless it is sufficiently diluted with 
water before application to the land, it is liable to produce 
a contrary effect to the one desired ; in other words, it is 
apt to Bcorch the crop, This eflect is due to the salts of 
ammonia it contains, which always exhibit an injurious 
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effect on Vegetation when too bountifully applied. It 
must, however, be remembered — ^in extemiation of tbe 
character of gas liquor as a manure — that guano occa- 
sionally produces the same injurious effect, if carelessly 
applied. The proper way to use gas liquor is to dilute 
it -witb water until no unpleasant taste is perceptible, and 
in this weak state supply it to the land by means of a 
liquid manure distributor. The employment of thia 
laaterial as a manure is, of course, limited to the dis- 
tricts in the vicinity of gas-works ; since, on account of 
tlie large proportion of water belonging to it, its con- 
veyance to any distance is impracticable, the expense of 
carriage soon amounting to more than the whole mixture 
is worth. 

GoiB Urne is also occasionally used as a manure ; but, 
generaUy speaking, apart from its value *as a variety of 
lime, or as a source of gypsum, it is of little value as a 
manure. We mention it in this place because a belief is 
common that thia substance contains more ammonia than 
gaa liquor. It need scarcely be said this is not the case, 
simply because caustic or quicklime, the prevailing in- 
gredient of gas lime, expels ammonia from any of its 
combinations. It is on this fact that the test for ammonia^ 
described in an early chapter, and to which we have 
several times referred, is based : hence gas lime cannot — 
neithar does it — contain any appreciable quantity of 
ammonia. The use of this substance in localities where 
it can be procured at a very cheap rate, as a source of 
lime and of sulphuric acid, may be recommended. 

Änimal refme mcmwresy as wool-refuse, or shoddy, 
leather-refuse, glue-refuse, butchers' offal, blood, and 
animal matter of all descriptions belong to the class of 
nitrogenous manures. By decay in the soil, these sub- 
stances furnish ammonia from the nitrogen they contain. 
The value of these substances, though dependent on the 
Proportion of nitrogen they contain, is qualified by the 
degree of &cility with which this nitrogen is liberated. 
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or, in other words, upon the readiness witb whick th&j 
iindergo decaj vheu added to the land. Thus wool- 
refusc, or the sweepings of cloth factohes, contains a 
cousidcrable amoant of nitrogen ; bat as this matehal 
decajs bat slowlj, and remains onchanged for a leagth of 
time when added to the soll, it is of little valae as a 
manare ; it m&j, bowever, by saitable means, be fer- 
mented previous to belog added to the 8oil> and its 
usefulnes3 by this means greatly increased^ 

Amongst this kind of manares mixtures are occasionally 
met with in the manare market, called *' animal gaanos," 
or ''flesh manures." As far as we may jadge by the samples 
of this snbstance that have been analyzed, they seem to 
possess Claims to the title of good manures. Befase flesh 
and offal is procared from Buenos Ayres and other dis- 
tricts in Soath America» where animal matter and bones 
are of little valae. 

The blood of animals is well known to be a most 
powerfal manaring snbstance. It contains nearly all the 
essential matenals reqaired for the growth of plants: 
hence, if this snbstance can be economically procared, its 
use as a manare may be recommended. We mention 
this material amongst manares, not so mach becanse we 
beliove its use in this way to be veiy extensive, but 
because the term "blood" has lately become a favoarite 
prefix with mannre-dealers, who, aware of the popalar 
belief in the richness of blood as a manure, attach this 
tcrm to mixtures of which the blood of animals forms a 
very small proportion. 

There is no necessity for us to enter further npon the 
individual merits of the various refuse manures. It is 
snfiicient to state that in all cases their valae depends on 
the price at which they c«tn be procared, or rather, their 
price as compared with the market valae of their con- 
stituents. For instance, if a farmer can obt^n the same 
quantity of nitrogen — ^in the shape of blood or any other 
refuse animal matter — ^at a lower price than he can in tho 
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sliape of gaano or nitrate of soda, he will do well to avail 
himself of the opportunity, and purchase them. But, 
unless the quantity of fertilizing material contained in 
these substances is equivalent to the price paid for them, 
they are dear, however low this price may be. 

Gypsum is the mineralogical name of the substance 
popularly known as plaster of Paris, the chemical name of 
which is sulphate of lime. As the latter name indicates, 
it is composed of snlphuric acid and Urne ; and since both 
of these substances, espedally the former, are occasionally 
deficient in soils, the appHcation of gypsum is often 
attended with good effect on the land. Gypsum is found 
to exert a peculiarly favourable influence on all leguminous 
plants, as clover, pease, &c. Towards these plants, gypsum 
often acts as a powerful manure ; and in soils deücient 
in sulphuric acid and lime, the addition of gypsum to 
crops of this kind is to be recommended. 

Another valuable property of gypsum is its property 
of fixing ammonia. It is found that when the volatile' 
carbonate of ammonia meets with gypsum or sulphate of 
lime, a mutual change of composition results, and sulphate 
of ammonia and carbonate of lime are formed. Sulphate 
of ammonia being a permanent salt, the ammonia is 
now fixed or safely preserved from loss by volatility. 
As carbonate of ammonia exists in the air, and is formed 
from manures, this property of gypsum greatly adds to 
its agricultural value. In soils containing a fair quantity 
of lime, the quantity of this gypsum can be increased at 
will by the addition of any soluble salt of sulphuric 
acid, as mlphate ofsoda, for iustance. The sulphuric acid 
soon leaves the soda, to become sulphate of lime or 
gypsum. 

Common salt must not be omitted in a list of sub- 
stances used as manures, although its claim to this rank 
is not so well established as those of the materiala 
hitherto described. A great diversity of opinion seems 
to exist respecting the value of salt as manure ; wliile 
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aome peraons eztol its nse in extravagant terms, others, 
apparently well able to judge, as strongly condemn it. 
We suspect these apparent (üacrepancies in tbe results of 
manoring with aalt might be explained in a manner 
similar to that wldch so happily aets things at rest in the 
fifcble of the chameleon. Salt is known to act very 
differently on different soils. Where salt is absent in the 
soil, its artificial addition has been known to produce 
striidng effects ; bnt as in most cases tbe soü alreadj 
contains enough of this sabstanoe» a fürther quantity is 
followed by no good resnlt. However, the use of salt as 
an occasional manure, as a means of destroying insecta^ 
and for other parposes in agriculture, is certainly to be 
reoommended. Salt, or its elements, are found in nearly 
all coltivated plants, — ^from this we infer that the presenoe 
of salt in the soil is neoessaiy to the healthy growth of 
plants ; bat its artificial addition is seldom necessary, 
since a constant supply of this material to the soil has been 
proTided for by natnre. It iias been notieed that the 
rain that Mls in any open part of the conntry generally 
contains traces of common salt : this is supposed to be 
derived from the sea, in the manner before notieed in 
speaking of salt as a constitnent of the soiL 

The plants that reqnire most saline matter are bulbous- 
rooted plants, as tumips, Swedes, and especlally mangolds : 
this latter root is ofben benefited by a dose of salt, in 
addition to the snperphosphate genendly snpplied to this 
crop. For this reason the manures sold as special 
manurcs for mangolds, generally contain a oonsiderable 
Proportion of salt. Salt is admirably adapted for diluting 
the more yaloable manores, as guano, nitrate of soda, &c», 
as directed in a former page of this chapter. 

Having now described the composition and more pro- 
minent characters of most of the matenals employed as 
artificial manures, in conclosion we may remark, that of 
these, or analogous substances, are prepared all the 
mixtures supplied under the names of special manures for 
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turnips, wheat, grass, mangolds, &c, Many of these 
mixtures are valuable manures, and, when properly used, 
calculated to produce a much better e^ect than any one 
of the above-described simpler manures. In many cases 
these mixtures are prepared on scientific principles, and 
their ingredients arranged in the proportion found by 
numerous well-conducted practical experiments to be 
best adapted for promoting the growth of the particular 
crop they are intended to benefit. Hence, if mixtures 
of this kmd can be procured of respectable manufacturers, 
it may often be advantageous to employ them in prefer- 
<^nce to any of the before-mentioned simple manures. It 
must, however, be bome in mind that all mixtures of this 
description are subject to the same Standard of value 
as that mentioned in speaking of superphosphates ; namely, 
that the price charged for the manure will only exceed 
the market price of its constituents by the cost of manu* 
facture and the amount of a fair profit. Many of these 
Compound manures found in the market are equal to this 
Standard, and fully worth the price demanded for them, 
the amount of fertilizing materials they contain being 
even greater than could be obtained by the farmer at the 
same price in any other form. 

On the other band, it must be remembered that 
mixtures of substances are constantly met with called 
*' fertilizers," and all sorts of high-flown names, but whose 
value is but a fraction of the price demanded for them, and 
which too often consist of materials altogether worthless. 
Compounds of this sort, of alleged marveDous fertilizing 
power, are often sold in small packets at extravagant 
prices. It need scarcely be said, articles of this sort are 
simply contrivances of designing speculators for fleecing 
unsuspecting persons. It may be recollected as a rule 
without exception, that any manure possessed of extra- 
ordinary fertilizing power will contain in corresponding 
quantity those materials on which the luxuriant growth 
of plants is known to depend, as no magic is yet dis- 
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covered for making plants grow by any otKer means. 
Thus we perceive that artificial manures are possessed of 
peculiar merits altogether distinct from those of farmyard 
manure ; and tbat while tbese substances are bigblj usefiil 
— ^we may say indispensable in tbe present System of farm- 
ing — they can never be used in place of farmyard manure, 
but always as additions and auxiliaries to tbis material 
Tbe manure produced on a farm sbould contain all the 
fertilizing elements extracted from tbe land by tbe crops 
raised upon it, T^itb tbe exception of tbose contained in 
tbe grain, cattle, or otber produce sold off tbe farm. 
Hence if tbe manure made on tbe farm bas been properly 
preserved, we can retum to tbe land, in tbis sbape, all 
tbe materials borrowed from it for tbe growtb of our 
crops, except tbose carried away in tbe manner above 
noticed. To make good tbis deficiency we sbould employ 
artificial manures; since in tbese we possess a ready 
and convenient means of restoring to tbe soil tbose 
more essential constituents permanently removed from it 
by tbe produce sent to market. Tbe soil of a farm may 
tbus be regarded as a manufactory of Nature, in wbicb, 
from certain raw materials, as pbospboric acid, ammonia^ 
&c. — ^witb tbose supplied by tbe atmoapbere and water — 
ebe prepares grain, beef, mutton, and all otber kinds of 
agricultural produce. Wbüe on some soils an inexbaustible 
supply of tbese materials (witb tbe exception of ammonia) 
exists, and tbe business of tbe ciiltivator cbiefiy consists 
in preparing tbe ground, and assisting Nature to avail 
berself of tbese materials ; on most soils, tbese raw 
materials must be supplied in tbe sbape of farmyard 
manure, guano, superpbospbate, or otber manures. In 
eitber case, tbe farmer bolds tbe position of attendant 
or curator to Nature, who rewards bim in proportion to 
tbe diligence and skill be displays in attending upon 
her. 
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CHAPTEß VIL 

YE6STABLE PROBUCE OF THE SOIL. 

"We have already glanced at the general economy of 
T^egetable life, and the chemistiy of the elements of which 
all plants are composed. We have also briefly described 
the composition of the more common products of vege- 
table growth, or at least of those that belong to feeding 
materials. It has been mentioned that the vegetäble 
productions used as food for man and animals consist of 
mixtures of Compounds called by chemists proximate 
principles, but which are better known by their familiär 
names of gluten, starch, sugar, woody fibre, &c. These 
Compounds, as we have seen, vary considerably in their 
usefulness in the animal system ; and as their relative 
Proportion 8 also vary most widely in different kinds 
of produce, it becomes necessary to learn the proportion 
of these several Compounds that occur in cultivated 
crops before we can form an idea of the value of these 
crops, and their fitness for particular purposes. It is 
also necessary to inquire into the individual characters 
and habits of the various cultivated plants, the soils best 
suited for them, and the kinds of manures best calculated 
to promote their vigorous growth. We shall do this 
most conveniently by foUowing the natural classificatioD, 
-which may be thus stated : — 

Cereal cropa Wheat, barley, oats, rye, &c. 

Boot crops Swedes, turnips, mangolds, carrots, &c. 

Leguminous crops Pease, beans, vetches, sainfoin, &c. 
Fodder crops ..... Grass, hay, clover, &c. 
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We will DOW proceed to consider the composition and 
general economy of each of these kinds of plants, beginning 
witli the cereal or grain crops. 

The plants comprised in this important division belong 
to the natural iamiij of grasses. We may therefore regard 
wheat, oats, barlej, &c.y as superior and highly-cultiyated 
grasses. The distinguishing character of these plants is, 
the production of their seeds in regulär bunches, or ears, 
at the end of « long, upnght, hoUow stem. In order that 
this slender stem may possess the requisite strength and 
rigidity for snpporting the comparatiTely heavy weight 
of the ripe seeds, it contains a large quantity of the 
minerol glass-like substanoe silica. The stems of these 
plants are remarkable for the large proportion of silica 
they oontain : for this reason these plants are sometimes 
called " silioa plants." The composition of the stem of 
these plants is as follows : — 



COMPOSITION OF STBAW. 

Wheat Barley Oat 

Straw. Straw. Straw. 

Water U-23 U-30 12 06 

Flesh-forming matters 179 1'68 1*63 

Respiratory and fatty matters . . 81 -06 39*98 37'86 

Woodyfibre 45-45 S9'80 43'60 

Mmeral matters (ash) 7*47 4-24 4 85 

100-00 100-00 100-00 



The seeds of these plants are extremeiy rieh in feediug 
matcrial : the seed of wheat is probably the most nutritive 
vegetable product. These seeds or grains consist of a 
white hard substance, inclosed in several shells or huaks : 
when ripe, the grain easily separates from the outer 
sheath, which remains attached to the stem or straw. As 
brought to market by the farmer, the grain consists of a 
hard white substance, inclosed in a scaly corering. The 



TEGETABLE PBODUCE OF THE SOIL. 20T 

relative proportion of straw and grain produced by these 
plants is, of course, different in each species ; bat apart 
fi:om this regulär Variation, it also differs in the plants of 
one species grown ander diferent circumstances, being 
infiuenced by climate, soil, mode of culture, manure 
employed, variety of seed, &c. 



COMPOSITION OF THE GRÄ.IN OF 

Wheat. Barley. Oats. 

Water 16-26 14-65 13-09^ 

Gluten or flesh'fomiiDg material 11^4 10*84 11*85 

Starch,&c.(heat-givingprmciple8) 68*74 68*81 63*34 

Woodyfibre 2*61 3-45 7*00 

Inorganic matter (ash) 1-75 2*75 2*72- 



100*00 100*00 100*00 

Wheait» — "We will now separately consider the more pro- 
minent cbaracters of each of the above kinds of grain crops, 
beginning with wheat. We must all agree in pladng 
wheat at the head of all cultivated crops. It deserves this 
distinction from the fact of its being the origin of our 
daüy.bread, the source from which the chief part of the 
food of millions of human beings is directly obtained. 
As the grain of wheat is an article of such demand, 
it necessarily becomes the most valuable product of the 
&rm ; for this reason the wheat crop is usuaUy — ^in 
this countiy at least — the primary object for whicli 
the land is cultivated; and nearly all other ci*op3 are 
subservient to this one. 

It is the business of the milier to convert the grain 
into flour, and in most cases to remove the bran or inner 
shell of the grain. The flour thus produced is of several 
qualities, depending not only on the kind of wheat from 
which it has been prepared, but also on the treatment it 
has received at the hands of the milier. Each kind of 
flonr is called by some technical name, indicating its 
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degree of strength and colour, or freedom from husk^ &a 
Isto the details of tbe process we need not think of 
«ntering, as it is sofficient for oor present porpose to 
understand merely the general composition of white fiour, 
wbich may be thua stated : — 



AVERAGE COMPOSinON OF 

Wheaten Flonr. Oatmeal. Bnm. 

Water....: 13-60 13-09 12-8« 

Fleah-forming Bubstances 11*48 15*68 13'S0 

Fat and heat-producing Bub- ) yg.^^ ^8*17 5*56 

Btancea ) 

Woodyfibre 0*68 1*89 11*50 

Mineral Matten (ash) 0*82 1*17 611 

10000 100-00 100-00 

Of these constituenjbs the gluten is by far the most 
valuable, and it is on the larger quantity of this substance 
present in wheaten flour, that its superiority, compared 
with that of other gndn, depends. It is the amount of this 
substance that chiefly determines the " strength" of the 
£our, and its fitness for making into bread ; the valae of 
flour is, thcrefore, mainly dependent on the proportion of 
fluten it contains. It will be remembered that gluten is 
one of the complex vegetable substances which contain 
uitrogen with smaller quantities of phosphorus and sol- 
phur, in addition to the oxygen, hydrogen, and carbon 
of the more abundant but simpler vegetable products : 
its Separation from flour by washiog has also been de- 
•scribed. 

The bran or husk of wheat is also very rieh in nounsh- 
ing materials, particulariy in the more valuable mineral 
constituents of food — ^the phosphoric acid^ magnesia, and 
other bone-forming substances. By glancing at the pre- 
ceding table, we perceive that the bran of wheat is even 
richer in nourishing materials than the flour. For this 
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reason, the meal of wheat consisting of the brau and 
flour together, makes a more wLolesome description of 
bread — at least, for persons whose digestion is vigorous — 
tban wbite flour alone. Hence, the complete removal of 
bran from wheat meal is a refinement of manufacture 
tbat cannot always be considered au improvement, at 
least so far as the production of a nourishing food is con- 
cerned. 

On leaming the composition of wheat, and considering 
the large quantity of nutritive materials its seeds con- 
taiD, we can no longer wonder that it should require for 
its growth a soil rieh in fertilizing materials, or that it 
ßbould exert an exhaustive effect ou the land. For this 
reason wheat thrives best on a streng land ; i, e., land 
naturally rieh in mineral fertilizing materials, and requiring 
only working and tilling, to yield these materials to plants, 
On soils of this description, — and to a less extent on lighter 
land, — ammoniacal manures are found greatly to favour the 
growth of wheat. These manures supply the nitrogen 
requisite for the formation of the gluten of the grain, and 
at the same time stimulate the plants to seek a pro- 
portionate quantity of the other kinds of material the 
plants require. 

JBarlep is subj^ct to the same causes of Variation in 
quality as those that affect the wheat crop ; as soil, season, 
mode of culture, &c. Barley is found to flourish best on 
light rieh soils; and although a heavier crop may be 
grown on strong land, the fiuer sorts of barley are always 
grown on light soils. By a glance at the above table we 
perceive the constituents of the grain of barley are the 
same as those of wheat, the proportions of them only 
being different : we notice that barley contains less 
gluten and more starch. For this reason the meal of 
barley is unfitted for making bread ; at least, the bread 
made from it is "heavier," less porous and wholesome 
tban that of wheat flour. The chief application of 
barley is for the production of malt. It is particularly 
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adapted for tbis purpose finom the large amoont of starch 
it contaios. Bj the process of maltiog, this starch is 
oonverted into sogar ; and by drying, the sagar is pre> 
servcd from forther alteration by putrefaction. The 
early stagea of malting oonsist in exdting a prematnre 
germination in the seeds of the barley. By sprinkling 
vith water, and keeping them at a particular tempera- 
ture, the seeds begin to sproat or germinate, and pnt 
Ibrth the radiment of a root — ^the process is now arrested 
by drying. By this treatment we imitate the natoial 
germination of the seeds in the groond. In both cases 
the chemical changes in the seed are the same, and may 
be described as foUows : a portion of the glaten first 
nndergoes change, and is oonverted into a sabstance called 
diastase. This diastase may be regarded as a natural 
yeast or ferment, which oommnnicates the tendency of 
alteration to the starch also present in the grain. The 
starch is now transformed by a simple ohange into sn^ar, 
which is provided for the support of the infant plant. A 
beautiful natural arrangement may be traced in this series 
of changes that take place during germination. Dnnng 
the first stages of the existence of the embryo plant, some 
kind of food must be provided to support it until it is 
able to collect food for itself from the surronnding soiL 
The food best suited for this purpose is yielded by sugar ; 
bat as 8ugar, if provided in the ripe seed, would qmckly 
uudergo spontaneous changes, and soon disappear, the 
materiaU only of sugar aw provided, in the shape of 
starch. This substance is &r more permanent than. 
sugar, being insoluble in water, and less liable to chauge. 
At the time the immatnre plant shows Symptoms of 
vitality, a substance is produced whose peculiar pro 
perty is its capability of transforming starch into sugar. 
Thus sugar is formed only at the time it is required, and 
the loss that would follow its formation at an earlier 
period prevented. 

OcUa contain the same materials as wheat and barley, 
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biit somewliat differently arranged. The composition of 
this grain may be judged of by the foregoing analysis. 

Legummofus crops, as pease, beans, vetches, sainfoin, 
clorer, &c., all partake of the character of the pea, which 
may be accepted as the type of this family of plants. 
The prevailing mineral constituent of these plants is 
lime : for this reason they are sometimes called '*lime 
plants." As we might for this reason expect, these 
plants flourish most liixuriantly on lime soils, and are 
cultivated most snccessfully in limeatone districts. For 
the same reason, the addition of lime to soils containing 
but little of this substance greatly favours the growth of 
these crops. Another mineral constituent required by 
these plants is sulphur : hence the addition of some 
combination of sulphur is generally attended witb benefit 
to a crop of this description. A substance well fitted for 
this pnrpose is gypsum, or plaster of Paiis. This Com- 
pound, as already noticed, contains sulphuric acid and 
lime, and on this account may be regarded as a special 
manure for leguminous plants. 

Many of these crops are cultivated as much for their 
Sterns and leaves as for their seeds. Their employment 
in a green State as fodder for cattle will be considered 
amongst otber fodder crops. For the present, we need 
only direct our attention to the properties of their seeds. 

The seeds o£ beans, pease, and other plants of this group, 
are highly nourishing üeeding materisds. like the grain 
of the com plant, this superior nutritive value is due to 
the large proportion of nitrogenous or flesh-forming 
materials they contain. In these seeds the nitrogenous 
matter is not gluten, as in the case of grain, but consists 
of a peculiar vegetable principle called legumen, or vege- 
table casein : this latter name is given to this Compound 
from the fact of its resembling in its chemical properties 
the casein or curd of milk. We stall better understand 
the composition of the plants by glancing at the foUo wing 
table. 

p 2 
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COMPOSITION OF PEASE, BEANS, AND LENTILS. 

Pease. Field-beans. Lentils. 
Kitrogenized or llesh-fonniDg consti- ) «q*! 03.3 24*0 

tuents \ 

Substances free from nitrogen, fitted 
to Bupport respiratioDy and to lay 
on fat — 

o. Starcb, BUgar, fat» &c 50*0 48*5 52'0 

6. Woody fibre lO'O 100 90 

Asb (bone materials) 2*5 8*4 2*5 

Water 141 148 12'5 

100-0 100-0 1000 

Boot crops, as Swedes, tiirnips, mangolds, carrots, &c., 
are cultivated solely for their roots, or rather bulbs. 
The habit of these plants is to gather from the soD, 
dnring the earlier stages of their growth, a larger quantity 
of nourishing materials than they require for present use. 
This extra quantity of food they störe up and accamnlate 
in their bnlbs, and it is afberwards disposed of in matunng 
their seeds, during the later period of their development. 
Thus we leam that during one period of the growth 
of these plants the bulbs continue to increase in size, 
and to become richer in feeding materials up to a certain 
period, when a change in the reverse direction takes 
place, and the bulb is called upon to supply materials 
for the sustenance of the other prgans of the plant. 
Hence we see the necessity of gafchering the roots or 
bulbs when fully matured, in order to obtain the maximum 
quantity of feeding materials. If we leave them longer 
than this, the amount of woody substance in the root 
increases, and the root becomes less nourishing ; and 
when the plants are allowed to perfect their seeds, the 
bulbs are found after the Operation to consist chie% of 
Woody matter ; every thing they contained in any way 
nseful as animal food, having been extracted for öupplying 
material in the production of the seeds. 
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Hoot crops are generally more difficult to raise, and 
require more care for tbeir successful cultivation, tlian the 
crops before described. This is because these plants are 
more subjecjt to natural casualties, sooner afi'ected by 
disease, blight, and iinfavourable seasons, than tliose of 
other crops. Root crops flourisL best on ligbt soils that 
are neither too wet nor too dry : the roots are rendered 
watery and hoUow by too much damp, and are equally 
susceptible of injury by drought. Hence the produce of 
this crop is often more affected by the season than by 
other ch'cumstances within our controL We have before 
remarked that the tumip plant is unable to gather its 
food from any portion of the aoil remote from the seat of 
its growth. In all the plants of this group the roots are 
less developed and fewer in number than those of most 
other kinds of cultivated plants ; for tliis reason we must 
supply them with material for their growth in a form 
that will admit of its ready appropriation. 

Since the root crop, of all others in the series of 
a rotation, is least able to collect its food from the 
substance of the soil, we generally supply the manure 
to this crop, and give these plants the' benefit of firat 
choice, so that they help themselves to all they care 
to possess, while the remnants are left for the following 
crops. The manure usually applied to root crops is well- 
rotted farmyard manure and superphosphate : the latter 
substance is frequently employed alone ; but in this case the 
farmyard manure must be added previously, or at some 
other period of the rotation. 

Superphosphate of lime is particularly adapted for 
promoting the growth of root crops, especially Swedes 
and turnips : it acts chiefiy by supplying these plants 
with abundance of phosphoric acid at the period they 
seem to require it most, viz., during the very early 
stages of their gi'owth ; and, as before noticed, an ad- 
ditional advantage is secured by the use of superphosphate, 
from the vigour it imparts to the young plants, which. 
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thns strengthened, are better able to realst ihe attacks of 
the tumip-fly. Besides phosphoric acid, in a form that 
can be readily «wrimilai'^^d, these plants requii« plenty of 
the alkalies potash and aoda. Henoe, in soils naturallj 
deficient in Üiese materials, the addition of common galt, 
or of salphate of soda, or anj other alkaline salt, 
may be expected to benefit this crop. Mangolds par- 
ticularly reqtdre a laige quantity of alkaline matter ; so 
that the addition of common aalt vith the other mannres 
fq)plied to the mangold crop, will in most cases be fonnd 
to increase the produce. 

The socceasful cultivation of the root crop, particolarly 
Swedes and tomipa, requires more than ordinary care and 
ezperience; and the oondition of this crop on a fann 
displays as mach as anything eise the skül and ability of 
the fiarmer. Apart from the natural casualties to which 
this crop is pecoliarly liable, its growth can be regulated 
to a great extent by proper care and attention; for 
mach depends on the time of sowing and the state of 
the Ttreather and of the ground at this period : an oppor- 
timity lost at this time will affect the fatnre produca 
Again, a great deal depends on the quantity and quality 
ci manore employed, or on the proper r^gulation of 
the manore to the capability of the soiL A soil of a 
oertain quality, depending on its chemical Constitution and 
mechanical condition, will produce its maximum produce 
of roots by the addition of a oertain quantity only of 
Bianure. If this quantity is exceeded, the excess, instead 
of adding to the produce, as might be expected, diminishes 
it, by exciting an undue development of leaves at the 
expense of the bulb ; in other words, the higher the state 
of culture of a soil, the more manure may be used upon 
it, with the expectation of this manore producing a corre- 
sponding amount of produce. 

Root crops are almost exclusively cultivated for feeding 
cattle, and generally supplying the stock of the farm 
dnring the winter, when no green food is to be had. Wo 
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may tLerefore regard tbis produce as a portion of tbe 
raw material of mntton and beef : at tbe same time, it 
supplies material for tbe manufacture of mamire. Before 
proceeding any fartber, let ua make ourselves acquainted 
witb tbe composition of tbese roots. 



AVEEAGE COMPOSITION OF ROOTS. 

White Swedish 

Globe. Tarnip. Man^ld. 

Water 90430 89-460 8778 

Flesh-forming substances . . . . 1*143 1*443 1*54 

Sogar, poctin, gum, &c 5*457 5*932 6*10 

Woodyfibre 2*342 2542 2*50 

Inorganic matters (ash) '628 '623 '96 

100*000 100*000 100-00 



We are astonisbed at tbe enormous quantity of water 
in tbese roots ; in round numbers, nine-tenths of tbis 
prodnee oonsists of water, or, in tbe caae of Swedes, 
100 Ib. of roots, in tbe state tbey are nsually stored, 
contain bat 111b. of dry matter. On becoming ac- 
qnainted witb tbis fact, we can no longer wonder at tbe 
large qoantity of tbese roots consumed by cattle : tbe 
animals must eat 1001b. of Swedes to get 11 Ib. of real 
food. Tbe dry substance of tbese roots consists of feeding 
materials tbat are solable in water, as sugar, a large pro- 
portion of pectin or jelly-like substance, as well as tbe 
more valuable flesb-forming materials. It also contains a 
smaller quantity of insoluble matters, all of wbicb, witb tbe 
exception of tbe woody fibre, are digestible and nutritious. 
We also notice tbat of > tbe tbree aboye-named roots, tbe 
Swede contains less water and more feeding material tban 
tbe wbite tumip ; moreover, tbe dry substance of tbis root 
contains a larger proportion of fiesb-forming material tban 
tbat of tbe white tumip. Hence we can account for tbe 
well-known superiority of tbe Swede as a general feeding 
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xaaterial. Mangolds are distinguished by the large 
quantity of sugar they contain. It will be remembered 
that sugar is one of the substances capable of producing 
fat in tbe anixnal System : thus tbe superiority of these 
roots for fatteniDg beasts is explained. 



Fodder Crops, 

Under this bead we include grass and hay, clever, 
sainfoin, Italian rye grass, and green food, as rape, 
mnstard, &c 

Grass cmd Hay, — ^Tbe green berbage tbat in most 
places Covers tbe soil in a state of natnre, condsts, fbr 
the greater part, of different sorts of grasses more or less 
adapted for afibrding sustenance to berbivorous animals. 
"We may therefore regard grass as the food provided by 
natui*e for tbe support of tbis class of animals ; and, as 
in all cases tbe arrangements of nature are complete and 
perfect, we cannot be surprised that grass and hay should 
be a fodder upon wbich idl kinds of cattle tbrive. . 

Gould we obtain at an economical rate enough of tbese 
materials to feed our cattle, no otber description of fodder 
would be requisite. But as tbis is seldom tbe case, and 
as by tbe present System of agriculture it is more profit- 
able to cultivate otber kinds of fodder crops, grass and 
hay, in most cases, form but a small portion of tbe fodder 
supplied to stock. At tbe same time, grass and hay are 
jnstly esteemed as cboice articles of cattle food ; the 
latter especially, wben it can be advantageously obtained, 
is, in most cases, to be preferred to otber sorts of winter 
fodder ; and for tliis reason hay is generally preserved as a 
material to be sparingly and judiciously used at critical 
periods. 

Two varieties of grass and hay are usually met with. 
1. Tbat produced in permanent meadows, wbere tbe soil 
is exclusively set apart for the growtb of tbis produce. 
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2. That raised from artificial or temporary meadows, 
periodically cultivated in a rotation of crops. In botli 
cases tbe grass is either consumed in a green state by 
cattle put to graze on the land, or is preserred by drying, 
in the shape of hay. 

The prodoce of temporary pastures is generally con- 
sidered less valoable as feeding material than the grass 
or hay of permanent meadows; while the former is 
oflen more abundant and profitable, the latter is sweeter 
and finer, and holds the first rank in the list of fodder 
crops. 

The quality of permanent pastures probably varies to a 
greater extent than any other kind of cultivated land. 
While some districts are remarkable for the richness and 
luxuriance of their grass land, and have become notorious 
for the superior quality and abundance of every sort of 
produce raised from this kind of land, in other districts 
the natural pasture is poor and scanty, hardly capable of 
affording a subsistence to the animals kept upon it. 
These difFerences in the productiveness of pastures are 
due to a variety of circumstances besides the more im- 
mediate one of difference of soil : the age of the pasture, 
— ^the treatment it has undergone, — the species of grasses 
growing upon it, and especially the state of the soil in 
regard to water. All these causes may take part in 
altering the natural capabilities of the land. Amongst 
the causes that lessen the productiveness of pasture land, 
the presence of stagnant water holds a prominent place. 
Land that, from imperfect drainage, contains stagnant 
water, is found to encourage the growth of coarse, sour 
species of grass, deficient in every useful quality ; and 
although the soil may contain the Clements of fertility, 
yet in the presence of stagnant water these kinds of 
grasses will prevail. By draining such land, the inferior 
grasses will slowly disappear, and give place to a sweet, 
wholesome herbage. This desirable change may often be 
hasteued by the addition of the seeds of the grasses we 
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wiflh to raise, as vell as the manores best fitted for 
affording tbem nourishment. It is only wben stagnant 
that water exerts this injarious effect on grass kmcL 
Provided meana exist fcx its removal when neoessarj, 
the floodiug of nieadow land by water is, in most cases, 
followed by an increaae botb in the quality and quantity 
of tbe grass. Henoe, irbenever practicabls, tbe praetice 
of Irrigation is eageriy reaoried to as a means of increas- 
ing the prodace of meadow land. Tbe properties of 
water, on which its usefuUiess in tfais op^»tion depends, 
bave been already described. 

The oomposition of grass and hay may tbns be repre- 
sented : — 

AVERAGE OOMPOSITION OP NATURAL 6BASSES. 



Oiua. 

Water Ö8-33 

Albuminous or flesh-fonn- 



iiigr piinciples 



} 4-86 



Respiratory matters, starch, \ , a. . - 

gum, 8n>?ar, &c / '• *** 

Fatty matter 79 

Woody fibrc 12Ö0 

Mineral matters (asli) 2-86 

100-00 



Meadov 
Hay. 

Water i4-6i 

Flesh-formingr constituents . . 8*44 
Respiratory and fatty matters 43*63 

Woodyflbre 27"l6 

Mineral matters (ash) 6'i6 

10000 



The above tables may be accepted to represeut the 
dverage composition of grass and hay. It will be seen 
that in fresh grass the qnantity of water is very large, 
although less than in turaips, Bwedes, &c, The diy 
substance consists for the greater part of res]»ratory or 
fat-producing substances, and woody fibre. This latter 
substance being indigestible in the animal System, must 
not be taken into accoont in estimating the value of 
feeding roaterial& Amongst the former snbstances we 
find fatty or oily matter, a substance that materially adds 
to the value of grass and hay as a feeding material : there 
is also a considerable portion of the more valuable albu- 
men or flesh-produciDg Compounds. The ash or mineral 
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^constituents are also lai^ in comparison with other 
fodder crops. 

In hay we find the same materials in greater 
Proportion. As the hay contains much less water, it 
is» of course, richer, weight for weight, than grass. 
The qualities of hay depend very much on the age of the 
grass at the time of oatting, as well as on the treatment 
it has undergone during its conversion into hay. It 
is well known that yoang grass ia more nutritious than 
that which has passed maturity. This is expl^ined by 
the fact that the quantity of indigestible woody fibre 
rapidly increases as the plants arrive at füll growth. For 
tbis reason, it is desirable to cut the grass intended for 
hay as early as possible ; since a delay at this critical period 
may greiatly reduee the nutritive value of the crop of hay. 
The quahty of hay is often deteriorated by prolonged wet 
weather, and other circumstances over which the farmer 
has no control. In the case of damage by rain, the 
soluble matters are washed out, in some cases leaving 
little eise than the woody fibre of the stems. Moreover, 
in these cases, the hay is always more or less injured by 
incipient decay. 

The growth of the grasses tends to improve and enrich 
he surface-soil, and, as before hinted, is one of the means 
provided by Nature for the amelioration of nearly all 
orude or new soils. By the successive growth and decay 
of the plants composing the natural herbage, — which 
sooner or later Springs up whenever masses of earthy 
material are exposed to the weather, the upper layer of 
earth accumulates, is slowly converted into a soil more 
or less capable of rewarding the labour and skill of the 
husbandman. 

The production of a fertile soü from a harren surface of 
earthy material by the prolonged growth of grass, is 
strikingly exemplified in the case of several of our finest 
pasture lands, which in many cases rest upon beds of clay, 
whose surfaces have by this means become covered by a 
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rieh, deep monld. The habits of the grosses on which thisr 
usefnl efiect depends may, to some extent^ be explained 
as follows : these plants are remarkable for the large 
quantitj of roots they prodace duriiig their growtb, aud 
for their ability of collecting tbe fertilizmg inaterials 
existing in tbe atmospheie. By the large sar£aoe of 
leaves these plants expose to the air, they are enabled to 
collect the greater part of the carbonio acid they require 
for their growth firom the air ; and, to a less extent, also, 
the more valuable ammonia. The nuneral substanoes 
they reqttire are supplied by the soll, as in the case of other 
kinds of plants ; bnt xnany of these grasses possess the 
power of seeking for the mineral food they reqnire fcom 
great distances ; 4ihey thus ransack the remoter portions 
of the soil, and convey its hidden treasures to the surface. 
On the decay of these plants, the materials they have 
collected from the air are left in the soil, which is thus 
made richer in organic matter, or humus, whüe, at 
the same time, the surface-soil is also enriched by the 
mineral fertilizing materials brought from the lower 
portions of the soil. The humus and organic remains 
thus contributed to the soil by these plants, apart from 
their chemical effect on the groMrth of subsequent races of 
plants, materially improve the texture of the soil, by 
loosening and separating the particles of earthy matter. 

We avail ourselves of these useful properties of the 
grasses by introducing a grass crop into the series of crops 
of a rotation. By this means we not only obtain a crop 
of hay or a large quantity of the best sort of green 
fodder, but at the same time cur land is greatly improved, 
and better fitted for the growth of the following wheat 
crop. The roots, stems, and leaves of the grasses, on 
being buried in the soil, gradually decay, and supply the 
succeeding wheat plants with all the materials they 
require for their growth, in a highly acceptable form. 
The artificial or temporary meadows cultivated for this 
double purpose are generally formed by sowing several 
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«orts of clovers and grasses with a com crop, — generally 
barley. The grasses thus grown amongst the barley 
daring the first year of their growth and the following 
Summer, spring up and form a pasture, whose productive- 
ness, of course, depends on the quality of the soll and the 
«pecies of grasses sown. 

The average composition of the commoner varieties of 
•clever and other allied plants is as follows : — 

AVERAGE COMPOSITION OF CLOVERS. 



Bed 

Clover. 

Water 80-640 

Flesh'forming matters 3*606 



Heat and fat.proda-\ 

dng sQbstances . . / 

Xnorganic matters Cash) 



13784 
1-970 



White 
Qover. 

83'65 
4-52 

10*26 
1-67 



Tellow 

Cüorer. Lxiceme. Sainfoln. Vctch. 

82-16 



77*570 
4*481 

15-949 
2*000 



73*41 
4*40 

19*11 
3*08 



77*320 
3-612 

17*438 

1*730 



3*56 

12*74 
1*54 



lOO'OOO 100*00 100*000 100*00 100*000 100*00 



Hay of Clover and Artiücial 
Grasses. 

Water 16*60 

Fleäh-fonuing constituents 15*81 

Respiratory and fatty matters 37*03 

Woody fibre 22*47 

Mineral matter 7'59 

100*00 



Comparison of Ärtißdal Grasses omd Clover Hay. — 
On comparing these results with those of the analyses 
of the natural grasses before quoted, we notice, that while 
the general composition is much the same in both cases, 
the artificial grasses contain, on the whole, more water, 
«,nd, at the same time, more albuminous or flesh-forming 
principles than the natural grasses. The produce of 
artificial meadows is subject to the same causes of Varia- 
tion as those described as affecting the hay and grass of 
permanent pastures; and the remarks thereon offered 
apply with equal force to the present kind of produce. 
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The pToduoe of pastures, of whatever kind, is eitber 
out down and gathered in the form of hay, or is consumed 
bj feeding off with cattle. In the former case, where the 
greater part of the prodnce is directly carried away, the 
land, of oourse, loses more öf its esaential eonstituents 
than when the same produce is consnmed on the spot by 
cattle, and a considerable portion of it retnmed in the 
shape of mannre. Bat even by this latter System, the seil 
is often exhausted to a greater extent than we should at 
first imagine ; since on feeding off with cattle, the amoimt 
of essential substances permanently retained in the bodies 
of the animals, and, consequently, the extent to which 
the aoU is exhausted! depends oa the kind and condition 
of the stock employed in the Operation. If the animals 
employed for this purpose are full-grown, and in tolerable 
Kondition, nearly all the nitrogen and mineral matter 
existing in the fodder will be retmmed to the soil in their 
excrements ; and so far as the mineral substances and 
nitrogen are concemed, the soil would be in as good con- 
dition after the process as before, the only substance lost 
to the soil being that portion of its carbonaceous matter 
which has been converfed into volatile products by the 
respiration of the animals, or that has been deposited in 
their tissues in the shape of fat. Bat in the case of 
animals that are lean or in bad condition, a portion of 
flesh-forming materials will also be permanently retained 
in their bodies, to make up the increase of flesh con- 
sequent on their arrival at a better state of body. In the 
case of young or growing stock, the loss sostained by the 
soil under these circumstances is still greater, as, in 
addition to the carbonaceous and nitrogenous materials, 
the soil will also have been deprived of the phosphates or 
bone-material required for the enlargement of the bones 
of the growing animals. Again, a corresponding loss ot 
material will follow the pasturing of land by milch cows. 
The nitrogen and raluable mineral salts occurring so 
abundantly in milk will be formed at the expense of the 
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soll bearing the pasture on which the cows feed. Thus 
we perceive that whenever grass crops are fed ofF the 
land, the soil incurs a loss of fertilizing materials 
equivalent to the flesh, milk, or other animal produce 
formed through the instrumentality of the stock fed upon 
them. The same pnnciples hold good with all other 
crops disposed of in the same manner. 

The mannres applied to grass land should be of a 
mild, slow-acting description, and all ammoniacal maniires 
sbould be applied only in small doses, and evenly distri- 
buted j since anything like an overdoseof ammonia tends to 
develop a coarse inferior sort of herbage. We notice this 
in the tufts of coarse grass that always spring up when 
the droppings of the larger animals are suffered to lie in 
masses on the pasture where they have been deposited ; 
for the same reason, gnano, unless miich diluted by 
admixture with other substances, cannot be advantage^ 
ously applied to grass land, as it is apt to excite an 
excessive development of grass of a rank, inferior de- 
scription, 

Sainfain has before been noticed as a crop especially 
adapted for cultivation on thin light soils resting on the 
porous limestone rocks. The usefulness of sainfoin in soils 
of this character depends on its habit of sending its roota 
to great distances into the fissures of the subjacent rock, 
and extracting from it the small quantities of mineral 
fertilizing materials it generally contains. The valuable 
materials thos oollected are brought to the surface and 
deposited in the various organs of the plant. On the con* 
Version of the plants into manure, by feeding off, plough- 
ing in, or otherwise, the snrface-soil is enriched by the 
addition of these substances brought up from the depth» 
of the subsoil. 

Green Rye is a crop that has lately come into 
favour on account of the fine rieh pasture it produces at 
a season when other kinds of grass are scarce. From 
the extraordinary rapidity of its growth, this species of 
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grass gives a pasture in a very Short time. It is mostly 
employed for supplying the ewes and lambs with whole- 
some food duriug the spring montlis. Beoollecting the 
use to which it is applied, we caunot be sorprised that 
this crop should have gained the character of being a yery 
exhaustive one : it must necessarily be so, when, as is 
usaally the case, it is pastured by yoiing animals. 

Green Eape, WTiüe Mv4itard, arid Hye, are each nseful 
fodder crops ; the former is particularly worthy of notice, 
since, in addition to a considerable proportion of flesh- 
forming materials and the ordinary respiratory principles, 
it contains a larger proportion of oil or fatty matters 
than is found in most other green crops. This fact clearly 
explains the vell-known fattening qualities of rape as a 
food for sheep. The value of green rape as a fodder 
crop is highly estimated by some persons, who even 
recommend it to be occasionally cultivated in place of 
turnips, wherever the seil is good enough to admit of its 
vigorous growth. 

Cabbage. — From the numerous useful qualities of this 
plant, it deserves to be more extensively cultivated as a 
fodder crop than it is at preseut. From the fäct of its 
being richer in oil and nitrogenoos matter than most 
other kinds of green food, and at the same time very 
succulent, its nutritive qualities are not to be wondered 
at. Oabbage is most valuable as a food for milch cows : 
it increases the quantity and quality of the milk, and 
the butter made from it is free of any unpleasant äavour. 
For other purposes, a more extended use of the plant is 
to be recommended. 

The composition of this and some of the above-described 
^lants, is as follows : — 
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COMPOSmON OF 



Green Rye. Green Rape. Cabbag^e. 

"Water 75423 87*050 86*28 

""'SÄ-S^^u^t"^'".";! 2705 3133 4-75 

Noii'iiitrogenized matters — 

a. Woody fibre 10-488 3 560 ) 

6. TsLÜy matters 0892 0*649 > T'IO 

c. Respiratory substancea 9*134 4*000 ) 

Inoi^^ic matters (ash) 1*858 1*608 1*87 

100*000 100000 100-00 



CHAPTER VIIL 

ANIMAL PRODUCE. 

Haviko now made ouraelves acquainted with the com- 
Position of the vegetable produce raised ou the farm, 
either for being carried to market and sold, or for bome 
consamption as feeding material for tbe live stock of the 
farm, we must next concdder the chemical principles 
involved in the conversion of this latter kind of produce, 
as grass, haj, roots, &c,, into animal producta, as beef, 
mutton, cheese, milk, <fec. In order to understand the 
coniposition of these animal substances, and how^ they are 
formed in the animal System from the vegetable Com- 
pounds coDsumed as food, it is necessary to glance at the 
general principles of the animal economy. 

The Operations involved in the process of nutrition 
have for their object the transformation of inanimate or 
dead matter into living substance. Without enteiing 
into anything like a detailed description of these opera* 
tions, we may briefly describe them as follows : — 

Q 
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The body of an animal resembles a machine, in so fiir 
that by every movement of its parts or orgaus a certain 
amoont of substance ia wom away or destroyed. In the 
case of a machine, this loes by wear and tear is incessant 
while the machine is in motion, and sooner or later results 
in its destruction ; bat in the case of a living machine, as 
-we may regard the bodies of animals, this loss of sub- 
stance by exertion or wear is restored and replaced by 
new material, which is constantly provided for the pur- 
pose from the food consumed by the animaL Thos, in 
the bodies of animals, there are two Operations constantly 
going forward, — the destruction and removal of old or 
exhausted materials, and the renewal or building up of 
new substance in place of that wom away. In the young 
animal this latter process prevails ; and the qoantity of new 
material being greater than that removed by exertion or 
exercise, every part of the System is strengthened and 
enlarged, and continues to increase in snbstance and bulk, 
until the animal attains fall growth. These two Opera- 
tions beiDg indispensable to the very existence of all 
descriptions of animals, it is dear that some means most 
exist, not only for supplying new material of every sort 
reqnired to build np the several parts of the animal 
frame, — as the boneef, flesh, hoofis, <&c., — but also for re- 
moviog and carrying away the material which, having 
performed its ofiice, is no longer of use in the System. 
These two primary Operations are carried out in the 
animal organism by means of the functions called diges- 
tion, assimilation, cireolation, respiration, excretion, <fec. 
Without attempting to explain any of these vital pro- 
eeases, it will be weU to trace the course of the materials 
consumed in the food to the places they occupy in the 
various organs and secretions of the animid system. 

The food eaten by an animal, afber mastication in the 
month, is reoeived into the stomach, where, by the 
admixture of several secretions^ its nourishing portion is 
changed, modified, and altered, so as to adapt it f<M* nse 
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in the animal System, Amongst these changes the most 
remarkable is tbe convendon of the insoluble nourishing 
principles into forma that are soluble in water, and tbat 
-will admit of absorptioD. In the case of raminating 
animals, a dass to which most of ovo: domestic animala 
l>elong, these chemical changes in the food are efifected by 
a complicated sjstem of stomachs, or rather divisions of 
the stomach, which need only be mentioned in this place. 
The altered food nezt passes into the intestines or beweis^ 
where, by the further addition of the most important 
secretion of the body, namely, the bile, the Separation 
of the nutritioas from the non-nutritious substances is 
effected, and the former absorbed and oollected by a 
series of vessels which finally convey the nourishing 
portion of the food to the blood ; the useless matter — 
the Woody fibre, <&c.— of the food passes on and is ex^ 
pelled in the solid excrements. Having reached the 
blood, the soluble matter is carried by it to every part of 
the frame. The blood penetrates to every part of the 
animal system, and is the sooroe from which every secre- 
tion is derivecL Thos the bones, the flesh, the gristle, 
the milk, &&, are each prepared fxx>m the materials of the 
blood ; each organ or tissne dipe into the blood for the 
materials it reqnires for its sustenance or growth. To 
compensate for this impoverishment, the blood is enriched 
and its strmigth sustained by the constant addition of 
new material prepared from the food, as above described. 
The blood is also the vehicle by which the wom-ont 
material is earried away, and conveyed to those organs 
whose special office it is to free and relieve the System of 
theae waste substances ; but such is the beautiful economy 
of nature, that while, on the one band, useless materials 
are removed from a place where their presence is an 
encumbrance, they are by the same organs converted inta 
Compounds altogether as useful and indispensable in some 
other department of the System. Thus, for instance, the 
liver is one of the most important organs of the body, 

Q2 



228 AGBICULTÜRAL CHEHI3TRY. 

inasmucli as, while it relieves the blood of a certain kind 
of imporitj, at tbe eame time it prepares from tfaose 
impuritiea the bile, one of tbe secretions indispensable 
for the proper digestion of the food. Another of these 
Organs, appointed for freeing the blood of its impnrities 
and at the same time perfonning an indispensable office 
in the genei*al economy, are the längs. In these organs 
the blood, containing carbonaoeons matter, is brought in 
close proximity to tbe atmospheric air, so that the com- 
bustible substances of the blood — ^the carbon and h jdro- 
gen— combine with the oxygen of the air, and form tbeir 
respective oxides, which escape in the breath expired, as 
Doticed in a previous chapter ; at the same time, b j this 
combination, heat is liberated, 'which, distributed by the 
circulation of the blood, qtiickly pervades the entire 
Organs, and by its presence promotes the healthy action 
of all the animal fuuctions. So important is the presenoe 
in the System of a due amount of heat or warmth, that 
a considerable portion of the natnial food of animals 
consMt» of materials whoae only pnrpose seems to be for 
supplying the lungs with respirable materials^ or, in 
other words^ for providing fuel for this slow proeess of 
combustion. The substances alluded to in the foregoing 
analyses, under the name of respiratory or heat-giving 
principles, belong to this class of bodies. An arrange- 
ment has been provided by natnre for economizing this 
respiratory material ; whenever more of these Compounds 
are supplied to the blood than can be disposed 'of by 
oxidation in the lungs, the extra quantity is stored up ia 
the shape of fat. Hence these respiratory Compounds — 
as oil, sugar, starch, &c — are also called fat-producing 
substances. From the above brief sketch of the Opera- 
tions involved in the proeess of animal life, we may arrive 
at the foUowing conclusions: — 

1. That as every movement of the animal body is 
attended by a waste of substance, and as this waste can 
only be made good from materials supplied in the food, it 
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foUows that the greater tbe amount of exertion an animal 
undergoes, or the harder it is made to work, tlie more 
food it will require, and which, ii* not supplied, the health 
öf the animal will be impaired. 

2. That as the nourishment of an animal depends upon 
the amount of food digested, and not upon that eaten, 
it is clear that, however rieh in nourishing principles a 
particular kind of food may be, unless it is also digestible 
it will be of little Service in the animal System. Further, 
it is known that the digestibility of food varies with 
different kinds of animals ; so that what may be wholesome 
food for one sort of animal may not be so for another. 
For this reason the value of feeding materials cannot 
always be judged of from their composition. 

3. The food must contain materials capable of building 
up and renewing the muscles, bones, and tissues, and every 
part of the animal body wasted by exertion; it must 
also contain materials for sustaining the process of respira- 
tion and for producing fat. This latter substance, although 
invariably present in the animal system, is increased in 
quantity whenever the amount of respiratory materials 
supplied exceeds that required for the production of heat 
in the lungs : thus, the superabundance of respiratory 
food is stored up and preserved in the shape of fat until 
required. 

In many respects the composition of the bodies of 
animals resembles that of plants. In each race of beings 
we find the same ultimate elements, in many cases 
arranged in the same groups ; — the chief difference con- 
sists in the relative proportion of the two principal kinds 
of Compounds so ofteu referred to as nitrogenous and 
non-nitrogenous principles. In plants, the simpler car- 
bonaceous or non-nitrogenous substances, as starch, woody 
fibre, (fec, form by far the greater portion, and the choicer 
albuminous or nitrogenous Compounds form but a small 
Proportion of their bulk. In animals the reverse is the 
case : the bulk of animals consists of complex nitrogenous 
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Compounds, while the simpler carbonaoeoas snbsiaiices are 
present only in small quantities. As in the case of plants, 
the bodies of animals contain a large proportion of water 
(generally speaking, about 75 per cent.), and the dry 
substance consists of organic or combnstible matter, and 
inorganic or mineral sabstances. The organic portion of 
animal matter is remarkable for the large proportion of 
nitrogen it contains ; the mineral portion consusts of the 
same materials which compose the ashes of plants, bot 
differently arranged. It need scarcelj be said that the 
followiDg general remarks applj more particoiarlj to the 
domestic animals usoally reajred.on the £unn. 

The organic portion of animals, like that of plants, con- 
sists of a number of oi^nized Compounds or prozimate 
principles; these Compounds, together with certain of 
the mineral constitnents, make up the -varioua organs 
of which the animal structure is composed. Many 
of the proximate principles found in the bodies of 
animals are identicad with those ezisting in smaller 
quantities in plants ; indeed, as before hinted, plants pre- 
pare these Compounds for the use of animal« ; for in- 
stance, there is a substance found in the blood ci animals 
called fibrin, which is closely allied to the gluten of 
grain. Again, albumen is another ccmstitnent of the 
blood of animals, and is also found in the Juices of vege- 
tables; as in cabbage, &c Another instance may be 
mentioned in the case of casein, or the cnrd of milk. 
Tlus substance is chemically identified with legumen, the 
nitrogenous principle of pease, clover, <Sec. Besides these 
materials, directly derived from plants, there are found 
in the bodies of animals certain Compounds peculiar to 
animal life : in most cases these are secondary products, 
or combinations produced from the partial destruction 
of the primary or albuminous Compounds. Foremost 
amongst this class of animal Compounds is gelatine, the 
material of which skin, hom, tendon, and the organic 
portion of bones, icc, are made. Another important oon- 
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stitnent of the animal bodj is fat. This Compound is 
siipplied ready-formed in feeding matenals, and is also 
prepared in tbe animal Organization from staich, sugar, 
and other respiratory matenals of the food. 

The inoTganic or mineral pcnrtion of animals is re- 
markable for the large proportion of phosphate of lime it 
contains. This material exists chiefly in tiie bones, nearlj 
two-thirds of which consist of this sabstance. The 
necessity of some earthy material to give strength and 
rigidity to the bones of the animal frome is obvious ; but 
vrhy phosphate of lime should have been. selected for this 
pnrpose, we cannot sormise. 

In less abundanoe, mineral sabstanoes are present in 
every part of the animal organxsm. In blood, flesh, 
nerves, <fec., mineral salts exist as easential constituents. 

As all the above-mentioned constituents of the animal 
firame, both organic and inorganic, are constantly being 
"wom away and diminished by exertion and labour, and 
can only be renewed from the food, it is clear that to pre- 
serve an animal in a State of health, the food supplied to 
it must contain in sufficient quantity all the matenals 
provided by nature for this purpose. If improper food is 
supplied, or, in other words, if any of these several 
materials are omitted, more or less derangement must 
ensue. Thus we may conclude that mixtures of sub- 
stances containing a dne proportion of each of the 
materials required in the animal economy, is the only 
kind of food upon which an animal will thrive, or, for any 
length of time, exist. Of course the composition of the 
food supplied to domestic animals may be varied to suit 
the purpose we wish them to perform. For instance, in 
the case of &ttening cattle, the food supplied should con« 
sist for the most part of £ät-producing materials, because 
little exhaustion of muscular structure is incurred by 
animals under these circumstances, and the greater part 
of the food supplied will be disposed of in the develop- 
ment of &t. On the oontrary, in the case of working 
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horses, their food sbould contain a large proportion of 
fiesh-forming materials, to make good the waste of sub- 
stance consequent on tbe prolonged exerüoix these animals 
undergo. 

Eegarding animals merely as sources of bee^ nrnttoc, 
and other kinds of anifnal diet, they consist, for the most 
part, of bone, flesh, and fat. The first-named of these 
materialB has alreadj been sufficiently described ; tbe 
two latter must now occiipy our attention. 

When the flesh or lean part of meat is washed in 
running water for a length of time, everjthing soluble 
will be removed, and a white string^ substance left. Tbis- 
aubstance is called fibiin, because it forau the greater 
part of the fibrea of muscles. The flesh consists of 
various soluble matters distributed through this fibrous 
substance, the red colour being due merelj to the blood 
leH in the smaller vessels. The soluble substances of 
flesh constitute its most valuable portion when oonsumed 
as human food« The juioe of flesh is found to contain 
several highly valuable mineral salts, albumen, and a 
peculiar principle called kreatin. Its genexal compo^ 
sition may be statcd :— 

COMPOSITION OF LEAN BEEF. 

Water 78 

Fibrin or gluten 19 

Fat 3 

100 

The oooking of meat shoold be done in a manner 
that prevents the loss of the highly-nutritious soluble 
matters. For this reason stewing is the most economi- 
cal way of cooking meat ; and boiling, for the same 
reason, the most wasteful. At the same time, by proper 
management, the loss of valuable soluble matters from 
meat by boiling may to a great extent be avoided by 
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recollecting the following facts, whicli may not be known 
to every one : — Amongst the soluble matters found in 
meat is albumen ; this substance, which at ordinary 
temperatures is soluble in water, possesses the peculiar 
property of becoming insoluble, or of coagulating, by 
heating. We must all bave noticed this property of 
albumen in tlie white of eggs, which consists almost 
entirely of this substance. 

If meat is placed in oold water, and the whole gradually 
raised to the requisite temperature for cooking the meat, 
a great loss of nourishing materials is incurred ; since 
the water will have an opportunity of extracting and 
dissolving a great portion of the soluble and more yalua- 
ble constituents of the meat ; but if the meat is placed 
at once in boiling water, the albumen contained in the 
outer layer of the meat will be coagulated, or become 
solid, and thus form a shell or case, which prevents the 
removal of the soluble materials contained in the inner 
portions of the meat. But, as is well known, this latter 
plan is incompatible with good cookery ; the meat by this 
treatment is known to become '* hard," — a quality, of all 
others, that should be avoided in articles of animal diet. 

The proper way of boiling meat seems to be to make 
a portion of the water boil in the vessel that is to re- 
ceive the meat, then to add the meat, and boil for a few 
minutes, and now add more cold water, until the tem- 
perature of the whole is reduced to that best suited for 
cooking the meat : this temperature is about 160^ of the 
thermometer. 

The fat of animals is found to consist of two distinct 
kinds of fat, one of which is fluid, the other solid. The 
prevalence of one or other of these fats gives the distinc^ 
tive characters to the different fats peculiar to particdar 
species of animals, or to the different kinds of fat met 
with in various parts of the same animal ; for instance, 
the fat of pigs contains a larger quantity of the fluid 
Tariety of fat than that of oxen or sheep : hence it is 
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softer and less firm. Again, the fat sorronnding the 
kidneys of sheep and oxen, cc«ninoiilj called suet, i& 
barder and more solid tban the fat of oäier parts of tbeir 
bodiea. The fluid portion of fat is called oleine : this 
sabstanoe can be eztracted fiom most natural fats by 
pressure. It resembles eil in its extemal properties, and 
ia mannfactnred and used for tbe same pnrposes as oil, 
which indeed is merely a kind of &t in vbicb tbe fluid 
part predominatea The 8(did portion of fett consists 
chiefly of Stearine orofmargarine. The former snbstance 
is the prevaaling constttnent of mutton and beef £At : it 
is prepared on a large acale from tbese substanoes for tbe 
manuflicture of Stearine candles. Margarine is the sobd 
lat of butter, and constitutes the greater part of tbe £ät 
of Bome animalsy including man. 

Having now described the general properties of the 
flesh of animals as supplied for human food, little remains 
to be Said of the individual chazacter <^ the flesh of 
particular species of animals ; since tbese differenoes 
depend more upon the mechanical texture of tbe flesh 
tban upon any differenoe in composition ; yet, at the same 
time, the chantoteiistic flavour of tbe flesh of difierent 
d<xne8tic animals might, no donbt, be traced to the 
presence of minnte quantities of peculiar organic prin- 
dples. The flei^ of the same kind of animals is also 
subject to great variati<m, depending on tbe age, sex, 
oondition, babits, and breed d the individual, and, to a 
greater extent, on tbe kind of food used in feeding. Tbe 
value of meat as human food is regulated by the amount of 
nourishing principles it contains, ä weU as by tbe degree of 
&cUity Jth which tbese subrtances can be digesteTrhe 
flesh of game generally possesses both tbese qualities in a 
high degree ; and as, moreorer, it yields, on cooking, a 
larger quantity of flavouring matter tban most otber 
kinds of meat, we are justified in supporting tbe high 
character of this descripiion of animal food. 

Milk, BuUer, and Cheese. — As one would naturally 
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imagine, tbe secretion provided hj natnre and suppHed 
bj the mother to her offspring, corresponds in its com-r 
Position to that of the yonng animal it is intended to 
nourish. Milk is particularly rieh in every kind of 
material required for the development of the animal 
frame; it contains nitrogenoas or flesh-forming sub- 
«tances, respiratory Compounds, and the valuable mineral 
salts required for the formation of bones and other 
parts of the System. Moreover, all these substances are 
of the best description, that is to say, are of a kind that 
can readily be assmiilated by the yet feeble organs of the 
young animal ; and, forther, the proportions of these con- 
stituents are adjusted to the ivants and capabilities of the 
animal at this early stage of its ezistenoe. 

COMPOSITION OF MILK AND CHEESE. 

Coivs' Asaes* GotM Chedder Sklni-milk 

Milk. ICilk. Milk. CbeeM. Cheeae. 

Water 87'02 91*65 85-54 86*0 44 

Cord, casein, or cheesj matter 4*48 1*83 4*52 99*0 45 

Fatty matter, or butter 3' 13 '11 4-08 30*5 6 

Sagar 477 6*08 5-40 

Ash (bonematorial) '60 '34 '46 6*5 6 

100*00 100*00 100-00 102*0 100 

The milk of difierent animals varies as much in its 
extemal properties — ^its colour, taste, density, &c — as 
in its oomposition. As the milk employed in the pro- 
duction of butter, cheese, and all other dairy produce is 
exclusively that of the cow, the foUowing remarks 
apply more particulaiiy to that kind of milk. 

Milk is Said to be a natural emtdsion, or a fluid con- 
taining a number of fat globules diffused throughout its 
substance. As these particles of fat are insoluble in 
water, they give rise to the opaque white appearance 
eommon to all descriptions of mük. On standing, the 
greater portion of the fat globules rises to the surface 
and forms the cream. The globules of fatty matter are 
inciosed in little skins or shells ; by violent agitation 
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these coverings are broken, and the &tt7 matter collecls 
togetliQr in the form of butter. The composition of milk 
of course varies to as great an extent as any other kind 
of agricnltural produce, being affected by the food supplied 
to the cow, the breed of the cow, its state of health, the 
treatment ita reoeives» time that has elapsed since calving, 
time of milking, and a variety of other circumstances 
-which need not even be mentioned here. 

By referring to the foregoing table, we notice that the 
bulk of milk consists of water, the solid matter it con- 
tains being either sospended in it, as in the case of the 
£Bitty matter, or dissolved in it, as the casein or cheesy 
jnatter, sugar, and saline or mineral matter. We have 
already notioed the form in which the fatty matter oc 
butter oocurs in milk. The casein or cheesy matter of 
milk is a snbstance belonging to the natural group of 
albuminous or nitrogenous Compounds so ofben referred 
to as flesh-forming materials. Casein resembles very 
closely the allied Compounds already described, as gluten 
of wheat, albumen, legumin, &c. This substance is in- 
soluble in pure water, but soluble in water containing 
alkalies, as potash and soda ; hence the casein of milk is 
kept in Solution by a small quantity of soda also present 
in the milk. If by any means we remove or overoome this 
alkaUne snbstance, the casein is separated in an insoluble 
form. This Operation takes place when milk is curdled. 
Thus we perceive that one of the purposes fulßlled by 
the mineral or saline constituents of the milk, is to 
keep the casein in Solution. The primary oiBice of the 
mineral substances is, however, to supply bone material 
to the young animal the milk is intended by nature to 
nounsh. Hence, amongst other valuable mineral sub- 
stances it contains a large proportion of phosphoric acid, 
the material, it will be remembered, so essential in the 
formation of bone. 

The sugar of milk imparts to it the well-known sweet 
taste ; but the sugar found in milk is somewhat dif^erent 



ANIHAL PRODUCE. 237 

from tbat prepared from the sugarcane, or from tbat 
belonging to fruits. Milk sugar, when separated from 
milk by snitable raeans, is a bard 'wbite substance, mach 
less crystalline and sweet tban ordinary sugar. Milk is 
an exceedingly imstable mixtixre. As it is intended by 
nature to be at once transferred from tbe receptacle of the 
motber to tbe body of tbe young animal, no provision is 
made for its preservation wben remoyed from tbe living 
structure. Hence, by exposure, milk quickly nndergoes 
spontaneous cbange ; and if left for any considerable time, 
these cbanges are so extreme as to render it unfit for an 
article of diet. Tbe first of tbese spontaneous cbanges is 
tbe turning sour or becoming add, and a oonsequent 
eurdling or Separation of tbe casein or cbeesy matter» 
Tbis cbange is due to tbe formation of a peculiar acid 
called tbe acid of milk, or lactic acid, from the materials 
of tbe sugar of milk. Tbis transformation in the sugar of 
milk is effected by the cbeesy matter, wbich first under- 
goes alteration, and communicates the disturbing influence 
to the sugar ; just as in the fermentation of beer or bread, 
it is tbe yeast tbat first sets up the tendency to change. 
Tbis same acid is one of frequent occurrence in otber 
mixtures than milk : tbe sour taste of brewers' grains or 
of raw malt, and tbe masb on which pigs and otber cattle 
are fed, is due to tbe prcsence of tbis lactic acid, which is 
always found wben vegetable substances of tbis descrip» 
tion ferment. The simultaneous eurdling of the mUk 
with the formation of tbis acid is explained by tbe fact 
already pointed out in connection with the properties of 
casein. As casein is only soluble in the milk so long as 
an alkali is present to sustain its fluid form, it foUows,. 
tbat as tbe first efiect of an acid formed in the mixture 
will be to neutralize tbis alkali, the curd or casein being 
now left witbout a supporter, must separate. The same 
efiect can be produced artificially by the addition of any 
otber acid ; as vinegar, muriatic acid, <&c. Tbe Separation of 
the curd isj bowever, most advantageously eflected by the 
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addition of aome sabstanoe wbich rapicQy efiects tlie Separa- 
tion of tlie cheesy matter, withoat exdting anj other lesa 
deniable change : «ach. a sabBtanoe is rennety the pre- 
pared membfane of tbe stomach of a Gal£ 

Having now stated the general properties of milk and 
its coiiteiitSy let ns f^tance at the almoet indispensable com- 
moditiea prepared from it ; viz., huUer omd ckeete, 

BuUer conmste for the gzeater pari of the fatty matter of 
milk, bat it alao oontains variable quantitiea c^all ihe other 
sabstancea foond in milk. This is becanae the aepacation 
of thebutter fiom the milk ia always moreor less imperfecta 
Henoe we find in butter small qoantities of water, sogar, 
dieesy matter, Ac, aocidentally preaent. Bj repeated 
melting, straining, and agitation with water, these im- 
purities maj be removed, and pore batter obtained. The 
fitt of batter, like that of the bodLes of anfmalH, oonsbts 
of a solid and fluid portion : the former consiats of the 
ütty sabstance called margarine, the sabetance before 
aUoded to as forming a portion of the fat of oertain 
animals ; the fluid portion consiats of a yarietj of oleine. 
Besides these more abandant oonstitaents, there are pre- 
sent smaller qaantities of other ükttj oompomids, to which 
the pleasant taste and smell of fre&h batter are dae : it 
is to the formation of similar Compounds^ also, that the 
disagreeable qoalities c£ rancid batter mnat be ascribed. 
The alteration and detmoration of fresh batter hj 
hdejpmg is chiefiy indaced hy these impurities, especiallj 
the cheesy matter it oontains. Hence the necessity of 
freeing the batter as completely as possibie from these 
sabstimces bj washing, kneading, &c To prevent or arrest 
these changes, it is common to impregnate the butter 
with various saline substances, amongst which common 
Salt is most frequently employed. This sabstance acts in 
the same manner as when employed for the same object 
in the salting of meat ; viz., by haidening and contracting 
the albaminoos matter, and preventing its c^xmtaneoas 
putrefaction. 



ANIMAL PBODUCE. 23^ 

Cheese is esseDtially the casein or cheesj matter of milk, 
mixed with variable quantities of fatty matter and the 
other constituents of milk, more or less changed by in» 
cipient putrefaction. The richness of cheese, apart from. 
the natural qualities possessed by the milk from which it 
is made, depends, in a great measure, on the amount of 
fatty matter or cream left with the milk before curdling» 
If Cream predominates, the luscious but unstable cream 
cheese is formed ; — if an additional quantity of cream 
is added to the natural milk, the more permanent and 
much esteemed Stilton is obtained. When the entire 
milk is used, such cheese as Chedder, double Gloucester, 
&c., results. If a portion or all of the cream is removed 
from the milk before being curdled, cheese of a corre- 
sponding quality is obtained. 

The quality and richness of cheese are influenced by a 
host of circumstances ; amongst which the character of the 
soil, the method of preparing, and the subsequent treatment, 
are prominent. The characteristic fiavour of particular 
kinds of cheese is imparted by minute quantities of certain 
essences, produced by the mutual reaction of its con- 
stituents during the period of keeping. While many of 
these changes are understood, and can, to some extent, be 
regulated, the greater number are still enveloped in 
mystery, and at the present time are unexplored regions 
of Agricultural Chemistry. 
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